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Preface

Beginning in 1991, the National Marine Mammal Laboratory NNß/fl,) has been partially
funded by the National Marine Fisheries Service's (NNßS) Office of Protected Resources to
determine the abundance of selected species in U.S. \ilaters of the eastern North Pacific Ocean.

On April 30, 1994, Public Law 103-238 was enacted allowing significant changes to provisions
within the Marine Mammal Protection Act (MMPA). Interactions between marine mammals and

commercial fisheries are addressed under three new Sections. This new regime replaced the
interim exemption that had regulated fisheries-related incidental takes since 1988. The 1994
MMPA amendments continue NMFS's authorization to carry out population studies to determine
the abundance, distribution and stock identification of marine mammal species that might be
impacted by human-related or natural causes.

The following report, containing 18 papers, is the compilation of studies carried out with
fiscal year 199ó (FY96) funding as part of the NMFS MMPAÆSA Implementation Program.
The report contains information regarding studies conducted on beluga whales, California sea

lions, Dall's porpoise, gray whales, harbor porpoise, harbor seals, humpback whales, ice-
associated seals, northern fur seals, and Steller sea lions. Results of gray whale studies from the
1996197 southbound migration are included in this annual report, although they were conducted
v/ith FY97 funding.

This report does not constitute a publication. Further, most of the papers included in this
report may be published elsewhere. Any question concerning the material contained within this
document should be directed to the authors, or ourselves. Reference to trade names does not
imply endorsement by the National Marine Fisheries Service, NOAA,

P. Scott Hill
Douglas P. DeMaster
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Abstract

The National Marine Mammal Laboratory G\MML), in cooperation with the NMFS Alaska

Regional Office, the Alaska Beluga Whale Committee (ABWC), and the Cook Inlet Marine

Mammal Council (CIMMC), conducted an aerial survey of the beluga whale (Delphinapterus

Ieucas) population in Cook Inlet, Alaska, during ll-17 June 1996. This provided a thorough
coverage of the coasts around the entire inlet (1,388 km), as well as 1,538 km of offshore
transects. Therefore, lO0% of the coastal areas where belugas were expected to be during this

season were searched one or more times, and 29%o of the entire inlet was searched. The 40 hr
survey was flown in a twin-engine, high-wing Aero Commander at 244 m (800 ft) altitude and

185 km/hr (100 kt). Throughout this survey, a test of sighting rates was conducted with multiple
independent observers on the coastal (left) side of the plane, where most sightings occur. A single

observer and a computer operator/data recorder were on the right side. After finding beluga

groups, a series of aerial passes were made to allow at least two pairs of observers to make four
or more counts of whales. Each pass was also videotaped for later analysis. The sum of the aerial

estimates (using median counts from each site, not corrected for missed whales) ranged from 154

to 361 whales, depending on survey day. Estimates of group size ranged from I to nearly 300.

IJalî (49%) of the initial sightings occurred more than 1.4 km from the aircraft - the perimeter of
the standard viewing area. Of 40 groups recorded in 1994-96, 17 were reported by only one

primary observer and missed by the other, while 23 groups were reported by both observers.

Most (81%) of the beluga whales seen in Cook Inlet were in the upper Inlet near the mouth of the

Susitna River, which is typical of their summer distribution.

Introduction

Beluga whales (Delphinapterus leucas) are distributed around most of Alaska from
Yakutat to the Alaska/Yukon border Qlazard 1988). This species occurs in five apparent stocks

around Alaska: Cook Inlet, Bristol Bay, Eastern Bering Sea, Eastern Chukchi Sea, and the

Beaufort Sea Qlill et al. 1997). The most isolated of these is the Cook Inlet stock, separated from



the others by the Alaska Peninsula. Beluga whales in Cook Inlet are very concentrated in a few

river mouthr Curing parts of the year (as reviewed in Shelden 1994). The geographic and genetic

isolation of the whales in Cook Inlet, in combination with thei¡ tendency towards site fidelity,

makes this stock vulnerable to impacts from large or persistent harvest takes.

Aerial surveys are the established method used to collect distribution and abundance data

for beluga whales in Cook Inlet (Klinkhart 1966; Calkins 1984; Calkins et al. 1975; Murray and

ßay D7b;Withrow et al. 1994;Rugh et al. 1995, 1996). Traditionally, visual counts or estimates

have been used to enumerate groups seen from the air, but they lack repeatabilþ and have no

direct measure of accuracy except through tests of independent, paired observers. However,

prior to Rugh et al. (1995), there have been no documented tests of dual counting of beluga

whales where two observers with nearþ identical aerial views made independent searches and

counts of whale groups. Barlow (1987, 1993), Øien (1990), Butterworth and Borchers (1988)

and others have had independent observers search for cetaceans from ships. Rugh et al. (1990,

1993) conducted shore-based double counts of gray whales. Crete et al, (1991) made double

"ourri, 
from aircraft in surveys for polar bears, but paired observers did not have identical viewing

areas. Forney and Barlow (1993) used a partially independent observer design for aerial surveys

of cetaceans in which a second observer called out sightings only ifthey were missed by the

primary observer, but the paired observers did not have identical viewing areas. We chose a

ru*"y design close to that recommended by Hiby and Hammond (1989) in which paired,

indepLndeni observers have nearly identical search areas, and their counts are not compared until

the iesearch project is complete. Although we did break from the trackline each time a group of
beluga whales was reported, it was only after the group was well behind the wing line.

Objectives
The objectives of the aerial surveys were to: l) make a complete search for beluga whales

around the perimeter of Cook Inlet, 2) conduct systematic transects througlr the center of Cook

Inlet, and 3) circle gfoups of belugas for aerial estimations of group sizes and video

documentation. Aerial survey procedures were kept similar to those used in previous studies

(e.g., Rugh et al. 1995, 1996). Emphasis was placed on having independent searches and counts

of belugas made by at least two observers on the same (nearshore) side of the aircraft. Tests of
paired r,,id.o cameras were run to improve post-season counts of whales (Waite and Hobbs 1995).-Su*"ry 

counts from the aerial effort, in combination with correction factors established through

tests such as the paired observer effort, video documentation, and surface timings based on

tagged whales will be combined in a separate manuscript to calculate the total number of beluga

whales in Cook Inlet.

Methods

Survey Aircraft
The survey aircraft, an Aero Commander 680 FL (N7IIP), has twin-engines, high-wings,

lg-hr flying capability, and a five-passenger plus one pilot seating capacity. This aircraft has been

enhancéd fãr lów-speed performance and increased range. There are bubble windows at each of
the three primary obr.*.r positions, maximizing the search area. An intercom system allowed

communiòation among the observers, data recorder, and pilot. A selective listening control device



was used to aurally isolate the observer positions. Positional data were collected from the
aircraft's Global Positioning System (GPS) interfaced with a laptop 386 computer used to enter

sighting data.

Aerial Records
General descriptions of the aerial operations (startup and shutdown times, names of

participants, survey accomplishments, etc.) were kept in a master log maintained by the aerial
project principal investigator or delegate. All other data and comment records were entered into
the onboard computer. These data entries included routine updates of locations (via the aircraft
GPS), percent cloud cover, sea state @eaufort scale), glare (on the left and right), and visibility
(on the left and right). Each start and stop of a transect leg was reported to the recorder.

Observer seating positions were recorded each time they were changed, generally every l-2 h¡s to
minimize fatigue.

Tides
Because of the broad geographical range of these surveys, and because tide heights in

Cook Inlet are highly variable from place to place, our aerial surveys were not synchronized with
the predicted low tide with the exception of five surveys that were timed to occur within I hour of
low tide at the Susitna delta, and one survey that occurred there at high tide (Table l). This effort
to synchronizethe counts of whales with low tide was based on the premise that the whales
concentrated in narrow channels, making them easier to count than when they spread out at the
higher tides. We also took advantage of lower tides in Knik and Turnagain Arms to reduce the
effective survey area (at low tide, large areas of mudflats are exposed that would otherwise have

to be surveyed), but the timing with the tidal cycle was more opportunistic here than was our
timing at the Susitna delta.

Aerial Trecklines
Coastal surveys were conducted on a trackline approximately 1.4 km offshore. The

objective was to find beluga whales in shallow, nearshore waters where they typically have been

seen in summer (Calkins 1984). The trackline distance from shore was monitored with an

inclinometer such that the waterline was generally 10" below the horizon while the aircraft was at
the standard altitude of 244 m (800 ft). Ground speed was approximately 185 km/hr (100 knots).
This coastal survey included searches up rivers until the water appeared to be less than I m deep,

based on the appearance of rapids and riffles.
In addition to the coastal surveys, offshore transects were flown across the inlet. A

sawtooth pattern of tracklines \¡/as designed to cross over shore at points approximately 30 km
apart starting from Anchorage and ngzagging to the southern limits of Cook Inlet, between Cape

Douglas and Elizabeth Island (Fig. 1).

Search Technique
Observers searched forward and laterally, but not behind the wing line. When away from

shore, the search typically focused on a zone approximately 10" or more below the horizon



(l-2 km from the aircraft) and l0o to 60o to the left (or tighÐ of the trackline. This zone was

considered to have a relatively good probability for detecting whales.

The search area for observers on the shore side of the aircraft was bounded by the

shoreline, 1.4 km (10") from the trackline. The steepest angles observers could search were 8l to
86o, depending on the height of the observer relative to the window frame, but typically there may

have been little search effort expended at angles exceeding 75" (0.07 km offthe trackline). This

would mean there was a 0.14 km (1a0 m) wide blind zone along the trackline. When the search

was concentrated in the typical viewing areq l0o to 60o offthe trackline l'2k<n ahead of the

aircraft, there would have been reduced effort within 0.4 km ofthe trackline, possibly lowering

sighting rates in a 0.8 km wide swath under the aircraft'

Sighting Records- tr..diately on seeing a beluga group, each observer reported the sighting to the recorder.

As the aircraft passed abeam of the whales, the observer informed the recorder of the species,

inclinometer angle, whale travel direction, and notable behaviors. With each sighting, the

observer's position (left front, left rear, etc.) was also recorded, The recorder repeated these en-

tries back to the observer to confirm accuracy. An important component of the effort by the

observers on the left was that they not cue each other to their sightings. They had visual barriers

between then¡ and their headsets did not allow them to hear each other, but they could be heard

by the recorder, and the recorder was able to selectively confirm their sighting information. As

these data were being entered, the aircraft continued past each whale group until it was out of
sight; then the aircraft returned to the group and began the circling routine. If one observer

missed seeing a group on transect, there \¡/as no cue to the sighting until the aircraft turned to

circle the group. The pilot and data recorder did not call out whale sightings or in any way cue

the observers to the presence of a whale group.

Distance to Sightings
The disiance between the location ofthe aircraft when an initial sighting was made and the

location ofthe whale group gave an indication of the observers' effective search perimeter. The

whale group location was established at the onset of the aerial passes by flying a criss-cross

pattern ovei the group, recording starts and stops of group perimeters. The perimeter point

ðlosest to the aircraft's location at the initial sighting was used to calculate the sighting distance.

Counting Techniques
The flight pattern used to count a whale group involved an extended oval around the

longitudinal axis of the group with turns made well beyond the ends of the group. Whale counts

were made on each pass down the long axis of the oval. Because groups were circled at least

four times (4 passes for each of two pairs of obseryers on the left side of the aircraft), there were

typically 8 or more separate counts per group. Counts began and ended on a cue from the left

ñont observer, starting when the group was close enough to be counted and ending when it went

behind the wing line. This provided a record of the duration of each counting effort. The paired

observers made independent counts and wrote down their results along with date, time, pass

number, and quality of the count. The quality of a count (A through F) was a function of how



well the observers saw a group, rated A if no glare, whitecaps, or distance compromised the

counting effort, and rated down to F if it was not practical to count whales on that pass. These

notes were not exchanged with anyone else on the aerial team until after all of the aerial surveys

were completed. This was done to mæ<imize the independence of each observer's estimates.

Typically, counting techniques involved a rapid tally from left to right across the whale

group, mentally registering each surfacing whale as fast as possible or counting by fives or tens.

Largegroups were counted on a single visual pass across the group without looking back except

slightly to include new surfacings close to the counting focus. This gave only a few seconds of
search time on any particular beluga location, Dispersed or small groups allowed slightly longer

counting efforts because it was easier to keep track of surfacings. Generally counts consisted of
the number of visible whale backs, but if wakes, mud plumes ("contrails"), or other obvious

indications of a whale's presence were included in a count, they were noted in comments. Aerial

counts were of the number of sighting cues; later analysis would approximate the total number of
whales present, whether or not they were visible from the aircraft.

When groups were circled, the right front observer moved to the co-pilot's seat and used a

video camera through an open window to document the belugas. The camera was set on manual

focus and operated at maximum useable shutter speeds (1/1000 to l/10,000 sec, depending on

available light). Date and time were recorded directly onto the video image. For compact groups

of whales, magnification was adjusted to keep the entire group in view throughout the pass.

Dispersed groups were better documented by maintaining the camera in a set position and at a

constant magnification. As a study of the ability for the standard video (generally operated at 1 to
8 power) to capture whale images - especially gray juveniles, which are hard to detect - a paired

video camera was operated at morimum magnification (15x). The two cameras were mounted on

a board such that they had overlapping fields of view and were operated simultaneously during

certain dedicated circlings over beluga groups.

On some tests, a still camera (Nikon F2) with 135 mm lens and Fuji 400 Provia film was

used in the left rearmost position. This position had an opening window and allowed the camera

to be fired perpendicular to the trackline. Prior to each aerial pass over a whale group, a photo of
an identifiable marker (e.g., fingers held to show pass number) was taken by each camera.

Analysis
In each season from 1994 to 1996, whale groups were systematically video taped

whenever possible. These video images were studied in the laboratory, and counts of whales

were made to compare to the infield counts (see Waite and Hobbs 1995). Analysis of both the

aerial counts and counts from the video tapes are described in Hobbs et al. (1995) for 1994 data.

Hobbs et al. (1995),Lerczak(1995), and Waite et al. (1995) describe tagging operations used to
establish corrections for whales missed during aerial counts of beluga whales.

Results

Survey Effort
A total of 39 .73 hrs of aerial surveys were flown around Cook Inlet I I - 17 June 1996. All

of these surveys (10 flights ranging from 1.7 to 6.1 hrs) were based out of Anchorage.

Systematic search effort was conducted for 20.60 hrs, not including time spent circling whale



groups, deadheading without a search effort, or periods with poor visibility. Visibility and

ir"itt"r conditions interfered with the survey effort during only 0. 13 ht (0.6% of the total effort)

when one or more observers considered the visibility poor or worse. There were 7.5 hrs of video

tape collected over whales. Results from video analysis will be reported in a separate document.

The first survey, on 1l June, was a reconnaissance flight targeting the delta of the Susitna

River, an area where beluga whales have been found consistently during previous surveys.

Counting techniques were practiced and dual videography was tested. Dual videography and

photogrãphy tests were done again on whale groups in the Susitna delta on 17 June'

Stranded Belugas
We initiãted a survey ofupper Cook Inlet on 12 June, but the course was changed to

study a group of stranded beluga whales, reported to us by a pilot in the Susitna area at 10:30. At

the timÃf the report, the animals were already well above the waterline. We found the group on

a mudflat south olthe east margin of the Susitna River (61"11.24N, 150'32.96W). From 10:55

to ll.2l,we circled the group to document the stranding on video and to make counts. A total

of 63 whales (55-61 by airial-estimates) were together in one discontinuous group; at least half

(n : 28) were white, half (n :27) weregray, and 4 were calves. When we first saw the group, it

*ar apiro*imately 100 m from the waterline. Whales were still thrashing, and some amount of
movement vras seen occasionally over this and the subsequent observation periods, at 12"32'

12:38 a¡d 73:22-14:04. Many gulls were nearby, but none were seen on the whales. Blood was

visible on or near several whales. We left the area temporarily, returning when the tide was rising.

From 13:36-13:55, as the tide flooded the stranding site, the whales began swimming again and

moved away. Low tide (-1.7 ft) was at approximately ll:30. The animals swam away when the

tide was approximat ely +12 ft. If the stranding also occurred at this tide height, then the whales

may have ùeen stranded from 08:30 to 14:00; that is, for 5.5 h¡s. When the whales began to swim

u*ãy, they moved slowly and went in diferent directions, but minutes later they came together

ana 
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traveling as a group going south toward deeper water. After the group swam free of
the stranding, we conducted a series of standard aerial counts over the group. Using only A and

B qualþ co-unts (some counts tvere compromised by glare), there were 21,35, and 33 counted by

oné obsãrver and 35,32, and32 counted by another. The median of these counts (33) is 52%o of

the known number (63) for the stranded group. It is not known how much the stranding may

have affected the surfacing performance of these whales during the subsequent aerial counts.

Dead Belugas
On ihe same day, at 18:32 on June 12, a dead, floating beluga whale was seen in the

Susitna delta7 .6 km north of the stranding site. Because the tide had been rising since the

stranding, and the tide would carry flotsam to the nortlu it is possible this dead whale had been

among th-e stranded animals. However, there was an extensive area ofbroken tissue on the

.*poõd portion of the back þrobably caused by the gulls seen on the carcass), and the carcass

wás floatìng, suggesting that the whale had been dead more than the 4.5 hrs observed since the

end of the rtrunáing. This area, the Susitna delta, is heavily hunted for beluga whales.

Another dead beluga whale was seen on 14 June mid-way between Pt. Possession and

Anchorage. There was no evidence that the two sightings ì /ere or were not of the same animal.



Coastal Surveys
On 13 and 16 June, we flew coastal surveys of the perimeter of upper Cook Inlet north of

East and tilest Forelands, including Ifuik Arnr, Turnagain ArnU and the lower portions of the
McArthur, Beluga" and Susitna Rivers. On 14 June, the survey covered the east shore of Cook
Inlet from Pt. Possession to Elizabeth Island followed by sawtooth transects across the open
water portion of the inlet back to Anchorage. On l5 June, a second set of sawtooth transects was
flown that criss-crossed the first set, followed by a survey of the west shore of Cook Inlet from
Cape Douglas to West Foreland, including St, Augustine and Kalgin Islands (Fig. l).

Coverage
The composite of these aerial surveys provided a thorough coverage of the coast of Cook

Inlet (1,388 km) for all waters within 3 km of shore (Fig. l). In addition, there were 1,538 km of
offshore aerial transects flown. Assuming a 2.0 km transect swath (1.4 km on the left plus 1.4 km
on the right, less the 0.8 km blind zone beneath the aircraft), our coastal plus offshore tracklines
covered 5,852 km2, which means approximately 29Yo of the 19,863 km2 surface area of Cook
Inlet was suweyed. This calculation does not account for some intersections of offshore transect
lines nor for the fact that observers generally searched well beyond 1.4 km. These surveys
covered virtually 100% of the coastal area where beluga whales were expected.

Distance to Initial Sighting
Distances between the aircraft and a beluga g[oup at the moment of the initial sighting

ranged from 0.00 to 4.26 km (n = 47, combining data from 1994 tol996; Table 2 shows data
from the 1996 survey). The mean sighting distance was 1.54 km (sd : 0.95). IJaff (9%) of the
initial sightings occurred beyond 1.4 km, the perimeter of the standard viewing area. Distance to
a group was positively correlated to the size of the group (Kendall distribution-free test for
independence, K* : 1.95, p :0.026). Figure 2 demonstrates the frequency distribution of
distances relative to whether the groups were small (<20) or large (>=20). This group size (20)
formed a convenient definition because it split the sample size in half (21 of 40 groups had <20

whales each).

Distance at Closest Pass

Minimum distances between whale groups and the trackline ranged from 0.00 to 3.25 km,
with a mean of 0.73 km (sd : 0.69; n : 50, combining data from 1994 to 199ó; Fig. 3; Table 2

shows data from 1996). In l0 of 50 instances, the trackline went over a beluga group, andinT
instances (14%) groups \ilere more than 1.4 km from the trackline;ïYo of small groups (<20
whales) and 22Yo of large groups were beyond 1.4 km at the closest pass.

Missed Groups
All four of the primary observers in 1996 had prior experience in surveying for beluga

whales in Cook Inlet. Two other observers accompanied some of the flights, but they were not
included in the inter-observer analysis because of the short time they were with the project.
Results from June 1996 were combined with those from June 1994 @ugh et al. 1995) and July
1995 (Rugh et al. 1996) to increase the sample size. These records do not account for the



possibility ofwhale groups missed by all observers, a calculation which will be developed in a

separate document.
Of 40 gloups recorded n 1994-9( 17 were reported by only one primary observer and

missed by the ãther, while 23 groups were reported by both observers. Whether or not an

observeisaw a whale goup wãs affected in part by the size of the goup. The mean groJp size of

those missed by an observer (l:23; s.d. : 37) andgroups reported by both observers (l:79'
s.d. : 74)werésignificantly different (z: - 6.35, p <<0.01). Most (70%) of the whale groups

seen in the Susitná delta area were large (>20), and most (93%) of the groups seen elsewhere in

Cook Inlet were small.

Distance also affected the probability of missing a group. Of 5 recorded groups that were

>1.4 km from the trackline at the closest pass, only 2 (30%) were seen by both observers; of 33

groups within 1.4 knr, 18 (55%) were seen by both; of 13 groups within 0.5 km of the aircraft, l0
(77%) were seen by both observers.

Observer performance affected sighting rates (Table 3). Two observers (B and C) had

higher missed ratès (40-50Yo) compared to the other four observers (5-19%). Individual

ob-seryer's sighting rates varied from a mean of 0.31 groups/tn (observer B) to 0.80 groups/lr

(observer A), with th¡ee observers (C, D, E) having nearly identical sighting rates

(.Se-.Se groups/hr). However, the amount of paired, independent search effort has varied among

observers from 10.4 to 3l.0 hrs, and the sample size is considered too small to be conclusive with

the number of observers and the number of covariates that should be treated in this analysis.

In summary, we have isolated three parameters that have the potential for significantþ

affecting whether or not a beluga group was seen: group søe (<20 vs. >20), distance (<1.4 vs.

> 1.4 km), and observer. These parameters probably have interactive components, such as group

size and distance as a function of where an individual observer tends to search; however, sample

sizes are too small to adequately test all of these components and to provide corrections based on

each observer' s performance.

Aerial Estimates of Beluga Group Sizes

Aerial estimates of group size were reviewed for differences as a function of count quality,

subjectively rated from A to F, in 1995 and 1996, Mean estimates of each qualþ rating were

compared io all higher ratings. Accordingly, F qualþ estimates (n: 6) were on average 74Yo of

A n, C, and D estimates; D estimates (n:23) were 59%o of d B, and C, C estimates (n = 38)

were 860/o of A and B; and B estimates (n : 38) were glVo of A quality estimates. Only quality A

and B estimates were used in the following analysis.

Aerial counts of beluga whales are shown in Table 4, and sighting locations are shown in

Figure 4. These counts are the medians of each primary obseryers' median counts on multiple

passes over a group. The consistency of locations of resightings between days, particularly the

whales near thè Susitna Rivers and whales in Chickaloon Bay, allowed us to combine results

among survey days, assuming whales did not travel long distances within the survey period.

Therefore, using median counts from each site, the sum ofthe counts ranged from 154 to 361'

This sum is not corrected for missed whales. Calculations for whales missed during these aerial

counts and an estimate of abundance will be developed in a separate document.



Discussion

In Cook Inlet, beluga whales concentrate near river mouths during spring and early

sumtner, especially in the northwest corner of the inlet between the Beluga and Little Susitna

Rivers (Fig.2), described here as the Susitna delta. Fish also concentrate along the northwest

shoreline of Cook Inlet, especially in June and July (Moulton 1994). Most of our sightings of
beluga whales have been in the Susitna Delta (56%inJune 1993; SlYoto 9lYoin June/July 1994-

96). This concentration apparently lasts from mid-May to mid-June (Calkins 1984) or later and is

very likely associated with the migration of anadromous fish, particularþ eulachon (Ihaleichthys
pacificas) (Calkins 1984; 1989). We found that whales were more concentrated in June 1994

and June 1996 than in July 1995, perhaps evidence of this seasonal effect. Elsewhere in upper

Cook Inlet in June and July, we have consistently found a group of 20-50 whales in Chickaloon
Bay, and sometimes other groups have been seen in Knik Arm (l-80), Turnagain Arm (7), and

Trading Bay (l-31) . In lower Cook Inlet, we have occasionally seen small groups: I just south

of West Foreland in 1993, 9 in Kachemak Bay in 1994,2 in Iniskin Bay in 1994, and 14 in Big
River in 1995. Only 0-4% of our sightings in June and July from 1993-96 have occurred in lower
Cook Inlet (Table 5).

Others who surveyed in June (Calkins 1984) also found the majority of animals in the
northwest corner of the inlet (S8% ofthe sightings made 1974-79), but far fewer in July (15%in
1974-79). Calkins (1984) reported seeing 2íbelugawhales in Redoubt Bay and 25 whales south

ofKasilof River in June. In July,44Yo of his sightings were in the lower inlet. These were in
gfoups ranging in size from 11 to 100 found between the Forelands and Tuxedni Bay, most well
away from the coast. Calkins (1979.40) indicated that belugas were "seen throughout the year in

the central and lower Inlet." Our records from June/July 1993-96 found only 0-4% of the whales

in lower Cook Inlet.
In almost none of our survey years (1993-96) have we made sightings of beluga whales in

deep water well away from shore. The furthest offshore sighting was a single whale 9.3 km

offshore in 1996 in water 19 m deep. This whale was barely moving at the surface. ln 1994, a

group of beluga whales was seen 2.2k<rnfrom shore, but this was over shallow shelf waters listed

as (l m deep at lower low tides (NOAANautical Chart #16660). In every case, beluga whale
groups of more than I animal were seen on the shore side of the aircraft; sometimes whale groups

\ /ere so large they were seen from both sides of the aircraft, but only once - with the single whale

mentioned here - \¡/as a group seen only on the open water side of our tracklines.
There have been sightings of beluga whales in the Gulf of Alaska outside of Cook Inlet.

Harrison and Hall (1978) saw belugas near Kodiak Island in March and July. Murray and Fay

(1979) also found belugas near Kodiak Island, as well as in Shelikof Strait, south of Prince

William Sound, and in Yakutat Bay. Leatherwood et al. (1983) recorded one beluga near the

southwest entrance of Shelikof Strait on 6 August 1982, but no other belugas u/ere seen by them

on the north or south shores of the Alaska Peninsula. Some sightings have been made in Prince

William Sound in March Qlanison and Hall 1978) and Yakutat Bay in May (Calkins and Pitcher

1977), September (R. Ream, NMFS, NMML pers. coÍrmun.), and February @. Mahoney,

NMFS, ARO pers. commun.), perhaps as occasional visitors from Cook Inlet (Calkins 1989).

These sightings indicate that at least some of the time there are beluga whales in the northern Gulf



of Alaska outside of Cook Inlet. However, no sightings of belugas were made during many

intensive aerial surveys around the Alaska Peninsula (Brueggeman et al. 1989; Frost et al. 1983;

Harrison and Hall tgiS; I-eatherwood et al. 1983; Murie 1959; NMFS unpubl. data) supporting

the hlpothesis that the Cook Inlet stock is isolated from stocks in the Bering Sea" and that the

Cook Inlet stock is not widely dispersed.

Survey methods for the 1996 study were developed from similar studies in 1993 (Withrow

et al. 1994), lg94 (Rugh et al. 1995), and 1995 (Rugh et al. 1996). The 1994,7995, and 1996

studies were some of the most thorough and intensive surveys yet conducted for beluga whales in

Cook Inlet. These were also among the fi¡st aerial surveys for cetaceans in which paired,

independent observation efforts were conducted systematicaþ throughout the studies, with whale

"o.rntr 
kept confidential until the ñeld projects were concluded. It became evident that observers

without pievious experience had low sighting rates relative to experienced observers. This may in

part be due to a n.ed for developing appropriate search images and search patterns, and may also

be a function of becoming familiar with the complex research protocol. Results from new

observers may be compared to trained observers for use in future analysis for surveys that might

be conducted without trained observers; however, more studies are needed to document the

consistency of sighting rates or variances between observers. Details on survey protocol can be

found in Rugh (1996).
Whale groups could sometimes be seen over 4 km away, but most initial sightings were at

the limits of the typical search zone: l0o below the horizon or 1.4 km from the aircraft. By

keeping the aerial trackline 1.4 km offshore, the survey optimized opportunities for seeing

belugas. Calculations of initial sighting distances are conservative because inevitably a few

r.rondr lapsed between the ñrst sighting of the group, the reporting to the recorder, and the

computer ãntry that grabbed the GPS position. At 185 kmlhr, there would be a 50 m error for

every I seconà delay. On the other hand, group locations were often determined as the center of
the group because the perimeters are difficult to define. This potentially overestimated sighting

distances if the initial sighting was actually on the near side of the group.

The distribution of intial sightings, particularly as a function of group size (Fig. 2) suggests

there are whale groups that are not recorded. Differences in sighting rates between large and

small groups is often more a function of the number of sighting cues available than the total

surface area of the group, except when a group is so dense it provides alarge visual target. In

our study n 1996, out of 14 whale groups recorded during systematic searches, 12 were seen by

both of the primary observers. The groups seen by only one observer had counts of 7 and 4l
whales respêctively. In 1995, out of 14 groups, only 9 \ilere seen by both observers; and in 1994,

out of 15 groups only 6 were seen by both. These records do not include groups missed by both

observers.
Aerial sightings of belugas were generally of white backs as the whales arched during a

surfacing, although surface disturbances were included in the counts. Small, dark gray animals,

such as óalves or yearlings, were probably under represented in the aerial counts (see Hobbs et al.

1995 for calculations of number of animals missed in the aerial counts). The number of beluga

whales counted at the surface was inconsistent between aerial passes. This was in part due to

changes in visibility, such as glare, but also due to changes in the amount of time the group was

counied. Although there was not a constant number of animals in view, as might be expected if

l0



there was a random surfacing rate, we did not observe an apparent synchrony in surfacings either.

Calkins (1979) describes rilaves of three sub-groups surfacing in synchrony within a larger group

such that the ñrst group is resurfacing as the third group submerges. We did not see any

patterned surlacings ofthis sort.
The proximity ofthe aircraft to belugas did not seem to reduce sighting opportunities as

the whales showed no apparent reaction to the survey aircraft. This is consistent with
observations in other years (Withrow et al. 1994; Rugh et al. 1995, 1996) and may be due to
habituation to the dense air traffic in the area. Our aircraft was not a novel stimulus: during most

of our surveys in Upper Cook Inlet, many other aircra^ft were in view at any one time.
The uncorrected sum of median estimates made from the June 1996 aerial observations in

Cook Inlet ranged from L54 to 361 beluga whales. Using the same procedure of summarizing

median estimates from the highest seasonal counts at each site, there were344 beluga whales in
June 1993, 287 inJuly 1993, 157 in September 1993,279 in June 1994,338 in July 1995, and

361 in June 1996 (Table 5). The process of using medians instead of mæ<imum numbers reduces

the effect of outliers (extremes in high or low counts) and makes the results more comparable to
other surveys which lack multiple passes over whale groups. Medians or means are also more
appropriate than mærimums when counts will be corrected for missed whales. Not until the
respective correction factors have been applied will absolute abundances or inter-year trends be

calculated.
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Table l. Tidal conditions at the Susitna River delta when counts of beluga whales were made.

Tide times were estimated as 1.0 hr prior to reported times for the NOAAHarmonic Station in

southern Knik AÍIt, nea¡ Anchorage (61ol4N 149'53W).

Date Tide Tide Counts of Number

(1996) Survey time time height (ft) belugas of groups

11 June ll:50-13:42 low '0.4 126 4

11:00

12 June L2:46-13:19 low -1.7 160 4

12:00

12 June 77:39-L8:29 high +26.7 125 4

L7:30

13 fune 13:18-15:09 low -2.1 154 3

13:00

16 June 14:39'16:36 low -1.2 237 4

l4:00

17 June 14:02-17:43 low -1.0 291 4

l4:30

l4



Table 2. Initial sighting information on each group of beluga whales recorded during the June

1996 survey in Cook Inlet. Group size is the median estimate made by all observers doing counts

on that pass. An underline indicates which observer first saw a group. An x indicates which
observers missed a sighting while on transect. Observers A and B were in previous year's surveys

and did not return in 1996; observers G and H flew on only a few of the surveys in 1996 and are

not included in subsequent analysis.

Left Lefr Left Rigbt
Group Front Mid Rea¡ Front

Crrp I¡cation size obw obsv obw obw

hitial
Sighting
Distance

(lsn)

Closest
dist.
(km)

ll Jtute S ofBelugaR.t I ---- 0.69

Beluga R. 7D 2.76 0.71

BelugaR.t I ----

Theodore R. 4D* 0.00l.l0

LewisR. l13 D+ c* G?*

l2 June KnikArm 6E* 013t.22

KnikArm 2 ----

Standed on
Susit¡ra Delta

6l

Pt Possession E 0.97

LewisR. t27 0.530.53

Theodore R. leE 0.99

LewisR. t4E
Big SuR. 92F 000t.23

13 June KnikArm 8E 013093

KnikArm 9E* G*

Pt Possession 4l Ex 3.28 3.25

IvanR. 77F 4.26 0.52

Big SuR. 77 F+ G*

14 Jme PtMacKenzie 20 2.27

KnikArm 16 D* 0.37l6 June

KnikArm

l5

I{x 0.96 0.9513 D*



Table 2. (Cont.).

Date Flr Crrp I¡cation

IÆft IÆfr

Mid Rear
obw obw

Group
size

Iæft
Front
obw

Risht
Front
obw

Initial
Sigbting Closest
Distance dist.
(km) (km)

Pt Possession 2tD H 2.152 184

Lewis/ Ivan R. ll4 E 4.06 0.98

Big Susitna 47C D 2.t9 1.03

Big/Little Su seE H 2.95 l.l I

Little SuDelta l7 E* F* H* 2.42 t.52

lT Jtme l0 Ivan/Big Su R. 263 H+ E* D+F+

l0 Big SuR. H+ E* D*F*

l0 Linle SuR. 28 H* E* D*F+

l0 4 lvan/Big SuR. 78 H* Et

This "group" wa.s a single whale nea¡ group 2.
2 observer ..fI, saw this group at 4.40 km but with the assistance of binoculars.
*There was open communication between observers, so sightings were not included in inter-observer analysis. In some

cases, indicated by a questiou mark (?), it was not clear whcther the respectivc observer saw the group independentþ.

D+F+
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Table 3. Pairings of primary observers (left front and middle positions only) during aerial surveys

over Cook Inlet in June/July L994-96, showing the number of beluga whale groups reported by

each observer while paired. Each of the observers in the top row uias compared to the respective

paired observer in the leftmost column.

Paired
Observers

Obsen¡ers

CD

3

2
0
0

5

.:
A

r994
1 99s
1996

1

0
0

i

0

.:.
B

t994 5

1995 2
t996

J

I

4
I
J

0
0c

t994 2
1995 2

t996 J

D
t994 2
1995 I
1996

0

:
4
0

,,

0
, I

;-J
0

J

2
0E

t994
1995 3

t996 .,

t994
1995

1996 J I 3

Total groups
seen

1994 9

1995 8

1996

)
J

7

5

0
6

9
4

7

7

4

Total seen by
one or both
observers

t994 t2
t995 9

t996
l0
5

7
J

7

8

4

6
6
8 7

Groups missed 1994 3

1995 I
t996

I
I

2

3

0
I
0

4
3

I I

t7



Table 3. (Cont.).
Obsen¡ers

CD

Large groups
(>20) missed

013 0.1400s0400500.19Percent missed

Hours
surveyed

while paired

1994
1995

t996

14.2

7.0
0

9.7
6.2

0

I 1.8

9.6

9.6

0
lt.7
10.5

0
0

r0.4

t02
57

106

Groups/hour

Table 4. Summary of counts of beluga whales made during aerial surveys of Cook Inlet in June

1996. Medians from experienced observers counts were used from aerial passes where observers

considered visibility good or excellent (conditions B or A). Dashes indicate no survey, and zeros

indicate that the area was surveyed but no whales were seen. Sites are listed in a clockwise order

around Cook Inlet.

0580.450.310.80

datesinJune 1996

Location ll June

Min-max
12 June 13 June 14 June 15 June 16 June l7 June Counts

Turnagain Arm

ChickaloonBay 2l4l 2t-41

Keirai River

Kachemak Bay

IniskinBay

BigRiver

McArthuRiver"

Big SuDeltab t26 160
(or 125)

l6l154 t25-291

Little SuRiver (b)76

KnikArm " t7

Total = 154-361

t Beluga goup seen but not counted.

(a) lncludes all of Trading BaY.

(b) krcludes all groups between Beluga River and Little Susitna River.

(c) Includes Pt. Mackenzie.
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Table 5. Summary of beluga whale sightings made during aerial surveys of Cook Inlet. Medians
were used when multiple counts occurred within a day, and the high counts among days were
entered here.

t
Year Dates Counts Cook Inlet Delta Upper Cook Inlet

7993 June2-5 344 0 56

1993 luly 25-29 287 0 74

1993 Sept 3, 19 157 9 16

7994 June l-5 279 4 9l

1995 July 18-24 338 4 89

1996 June ll-17 361 0 8l

44

26

75

5

7

t9

l9



Figure l. Aerial survey tracklines for I l-17 June 1996 covering the coastal and offshore areas of
Cook Inlet. Dashed areas indicate mud flats exposed at low tide.
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Figure 2. Distance between the ai¡craft and beluga groups when they were initially sighted.
Black bars indicate groups of less than 20 animals each; gray ba¡s indicate groups of more tha¡
20.
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Figure 3. Distance between the aerial trackline and beluga gfoups at the closest pass. Black bars

indicate groups of less than 20 animals each; gray ba¡s indicate groups of more than 20.
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Figure 4. Beluga whale groups seen during aerial surveys of Cook Inlet 1l-17 June 1996. Each

star represents one sighting.
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EVALUATION OF THE LIFE HISTORY PARAMETERS AIID BREEDING SEASON
DISTRIBUTION OF CALfF'ORìIIA SEA LIONS (Zalophus calíþrníønzs) FROM A

BRAI\IDING STIIDY AT SAN IVTIGT]EL ISLAIID, CALIFORI\-IA

Sha¡on Melin" Robert L. Delong, and Jeftey L. Laake

National Ma¡ine Mammal Laboratory
Alaska Fisheries Science Center, NMFS, NOAA

7600 Sand Point Way NE
Seattle, Washingoq 981 I 5

Abstract

Individual identification of animals via natural or man-made marks provides an effective method
of assessing basic biological data on long-lived species and enables measurement of vital rates that
are needed to understand their population dynamics. In 1987 a branding program for California
sea lions (Zalophus californiarus) was initiated to obtain information on age at first reproduction"

age-specific natality rates, survival rates and coastal distribution. The results from observations

along the California coast during the 1996 breeding season are presented.

Sea lions have been resighted from each cohort branded between 1987 and 1995. An average of
31.3% of each female cohort and 26.1%o of each male cohort were resighted in 1996. The

distribution of sightings along the California coast suggests that age and sex segregation occurred
among haulout sites; San Miguel Island and Año Nuevo Island were the primary haulout areas.

Most individuals (80.3%) used only one area during the season reinforcing the need to resight sea

lions at several sites to minimize bias in survival rate estimates.

Annual survival rate estimates based on resighting data from l99l to 1996 varied with age and

sex. Pup survival depended on the pup's weight at branding and the El Niño event in 199211993.

Annual survival estimates for male sea lions were 0.75 (SE=0.05) for yearlings and 0.87
(SE:0.02) for ages 2 years and older. Annual survival rate estimates for female sea lions were
0.83 (SE:0.05) for yearlings and 0.95 (SE:0.01) for ages 2 years and older.

Females of ages 5 to 9 years old were sighted with pups. Age-specific natalþ rates ranged from
36.6% to 56.8Yo; the annual natality rate was 35.2% (43.4% excluding 4 year olds). Less than
40Yo of females with pups were continuous breeders. Additional years of resight effort at the

primary haul-out locations are needed to more precisely estimate age-specific natality rates,

survival rates and age at first reproduction and evaluate annual variability.
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Introduction

California sea lions (hloptrus californiømrs) are an abundant pinniped along the

California" Oregon and Washington coasts. Although the behavioral aspects of thei¡ life history

have been we[ãescribed @eterson and Bartholomew 1967, Odell 1981, Heath 1989), there have

been no comprehensive studies to estimate their life history parameters such as age at first

reproduction" age-specific natality and age-specific survival rates. Life history parameters are an

important component in understanding population dynamics.

In 1987, along-term branding and resighting study was initiated to describe the life

history parameters and the movement patterns of the California sea lion population at San Mguel

Island ôatfornia. The goals ofthe study were to l) obtain longitudinal records of known-age

individuals to estimate age atfirst reproductior¡ age-specific natality rates and age-specific

survival rates, and 2) document movements and distribution of known-age individuals. Estimates

of life history parameters can be used with an age-structured population model to provide a

correction factor for pup counts to produce total sea lion population estimates. Additionally,

annual variation in life history parameters relative to population size can increase our

understanding of California sea lion population dynamics and mechanisms of densþ dependence.

The ultimate objective of the branding study is to assess the status of the California sea

lion population relative to manimum net productivity levels (NßIPL). It is a particularly important

objeòtive for the California sea lion population because interactions between California sea lions,

humans and fisheries are increasing proportionally to the population. In some cases, these

interactions are contributing to the demise of other species in the ecosystem (Gearin et al. 1988).

If the sea lion population continues to increase at the current tate of 6.4Yo per year, management

of sea lions in areas where they are in conflict with humans and fisheries may be required and

information on the population dynamics will become critical for making effective management

decisions.
The primary breeding areas of California sea lions are the California Channel Islands and

offshore isla-nds ofBaja California, Mexico (Fig l). Hauling areas occur from Mexico northward

to Vancouver Island, British Columbiq including the breeding islands, however hauling sites north

of the Farallon Islands are only occupied during the winter migration by males. Besides the

breeding islands, sea lions have several preferred hauling areas along the central and northern

California coast where large aggregations occur year around. These areas include the Big Sur

coast (Cape San Martin, Grimes Point, Seal Rock), Monterey Bay, Año Nuevo Island, San

Francisco Bay, and the Farallon Islands (Fig. 2).

To obtain accurate estimates of the vital parameters of sea lions, all age and sex classes

must be sampled. Sampling all age and sex classes is complicated by the expansive range of sea

lions and because at no time during the year are all age and sex classes of California sea lions

present at any hauling or rookery area. During the breeding season, however, the range is

contracted to primarily the breeding islands and the central and northern California hauling sites.

This characteristic of behavior makes the breeding season the most feasible time to survey for

marked individuals and the most likely time to observe the greatest proportion of all the age and

sex classes.
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Prior to 1994, all observation effort of marked animals was conducted at San Mguel
Island under the assumption that California sea lions would have fairly high natal site fidelity.
flowever, a study in 1994 indicated that juveniles were primarily hauling out at Año Nuevo Island

during the breeding season suggesting that observation effort only at San Miguel Island may result

in underestimating juvenile survival @irch and Ono, in prep). Thus in 1996, four major hauling

sites were surveyed for marked animals during the breeding season to better estimate survival

parameters.

Methods

From 1987 through 1995, California sea lion pups at San Miguel Island, California, were

permanently marked using hot brands. Pups were 4 to 5 months old when branded. Each pup

was branded on the left or right shoulder with a unique number and tagged in the foreflippers with
yellow roto tags, The tags facilitate location of branded animals in large groups and provide a

returnable identification for animals found dead on beaches or in nets.

Observations of branded animals and the reproductive status of sighted animals were

recorded throughout the breeding season (May through August) at seven study areas along the

California coast: San Miguel Island, Grimes Point, Cape San Martin, Seal Rock, Monterey Bay,

Año Nuevo Island, and the Farallon Islands (Fig. l). Animals were identified using binoculars or

a}}Xto 60X zoom scope. Sighting effort was recorded as the number of hours devoted each

day to sighting branded animals. Sighting effort was logged from June through early August.

Females were considered reproductive in 1996 if they were sighted nursing a pup. Age at

first reproduction is estimated as the minimum age females were sighted with pups. The average

age atfirst reproduction was not calculated because females sighted with a pup for the first time

at 8 and 9 years old may have had pups in previous years (see discussion for sighting probability

affects). Age-specific natality was defined as the number of females with pups at each age relative

to the total number of females known to be alive of each age. The annual natality rate was

defined as the number of females with pups relative to the total number of females alive that could

have pups. Future analyses will include sighting probabilþ in the analysis of natalþ rate.

Survival rates were estimated using the computer program MARK developed by Dr. Gary

White at Colorado State University. The program is under development and a published

reference is currently unavailable. MARK provides estimates of sighting probability and survival

rate for general open population capture-recapture models (e.g., Jolly-Seber) and allows models

to specify time- and individual-specific covariates for resighting and survival probabilities. We

fitted a variety of models to the data for male and female sea lions which included covariates for
age,year, pup weight at branding, and the occurrence of El Niño events.

Results
1996 Resighting Surrey

The number of sightings per hour of branded animals v/as gfeatest at San Miguel Island

(6.a) and Año Nuevo Island (5.3) (Table l). Monterey Bay had a lower sighting frequency of 2.6

branded animals per hour and the Big Sur coastal areas (Seal Rock, Grimes Point, Cape San

Martin) and the Farallon Islands had less than one sighting per hour of observation time.



A total of l,16l individual branded animals were sighted at four study areas (Table 2).

Sightings for the Big Sur coastal areas \¡/ere combined with the Monterey Bay sightings for

anáysis because of low sample sizes. Most sightings of branded animals (68.4%) occurred at

San Mguel Island followed by Año Nuevo Island (23.4%),Monterey Bay (6.0%), and the

Farallon Islands Q.2%) (Table 2).

Of branded individuals sighted at the four areas, 932 (80.3%) were sighted at only one

area (unique sightings) a¡d229 (19.7%)were sighted at two or more areas (duplicate sightings)

(Table 2). Most unique sightings occurred at San Miguel Island (75.9%) followed by Año Nuevo

ìsland 1ft.24"¡,MontereyB ay (3.5%), and the Farallon Islands (L.S%). More males (22.8%)

than females 1O.fX¡ were sighted at two areas. Most animals sighted at two areas were sighted at

San Mguel and Año Nuevo Islands (6lYo males;63.2Vo females). Two females and one male

were sighted at th¡ee of the four study areas¡.

All cohorts \¡rere represented during the breeding season in 1996. The average percentage

of each cohort that was sighted in 1996 was 3 1.4%o for females (n:9, SE:2 .OYo, range 21.3-39.8)

and26.lo/o for males (n:9, SE:2 .|Yo, rangæ15.7-38'8) (Tables 3 and 4).

San Mguel (78.6%) and Año Nuevo(15.8%) Islands were the primary areas for sightings

of females Gig. ¡) Monterey Bay @.3%) and the Farallon Islands (13%) accounted for less than

6%o of thefemale sightings. Males were also sighted primarily at San Miguel (52.9%) and Año

Nuevo (35.0%) Islands, but Monterey Bay (8.6%) and the Farallon Islands (3 .5%) accounted for

l¿Yo of themale sightings (Fig. 3). The northern hauling sites (Monterey Bay, Año Nuevo Island,

and the Farallon Islands) accounted for 47.1% of the male sightings comparedto 2l.4Yo fot
females.

No adult males were sighted in 1996 (i.e. no males were sighted holding tenitory). Adult

females and subadult males were sighted primarily at San Miguel Island (91.1% females; 68.7%

subadult males) (Figs. 4 and5). Most juvenile (80.0%) and yearling(69.7%) females were

sighted at San Mguel Island but those that left San Mguel Island were sighted primarily at

Año Nuevo Island Ql.6%juveniles; 21.3% yearlings) followed by Monterey Bay (4.6%juveniles;

ll.6%yearlings), and the Farallon Islands (0.70%juveniles; 2.gYoyearhngs).

More juvenile males (479%) and yearlings @03%) were sighted at Año Nuevo Island

than at any other site. Juveniles vrere sighted in decreasing frequency at San Miguel Island

(31.7%),Monterey Bay (18.2%) and the Farallon Islands (3.2%\. Yearlings followed the same

pattern as juveniles, decreasing in frequency at San Miguel Island (25.8%), Monterey Bay (21%),

and the Farallon Islands (12.9%).
Although adult females were sighted at all areas, females with pups were sighted only at

San Miguel Island. Of 301 females sighted that were of reproductive age (age 4 or older),

35.2%weresighted with pups in 1996 (Table 5). Although 4-year-old females have been sighted

with pups @el,ong and MelfuL unpublished data), females with pups ranged in age from 5-9 years

ruggèrting that age at first reproduction \ryas 5 years in 1996. Age-specific natalþ rates ranged

frõm36.6%to 56.BYo and increased, in general, with age. Of the females with pups, 22.6Yohave

been sighted with pups in two consecutive years, 13.2% in 3 years and l.\Yo in 4 years. The

remaining females were sighted with pups for the first time in 1996 (56.6%) or had skipped

yeus(5.7%).
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Surrivel Rates
Estimates of annual survival rates for females were based on 2,085 uniquely branded sea

lions (25 were excluded for missing data). During June and July in 1990-96,1,859 resightings of
1,065 branded females were made. Of those branded, 1,020 females have never been resighted,

but 404 are from 1994 and 1995, which have had only 2 and I occasions for resighting,
respectively. During 1994-96 with 500 to 600 hrs of effort combined at San Mguel and Año
Nuevo Islands (no effort in 1995) in each year, 50-60Yo of 2+ year old and30% of yearling female

sea lions alive at the time of the survey were resighted in each year. Resighting probability was

much lower prior to 1994 because less effort was given to resighting. Survival varied with age

but with the current data differences were only found to 2 years of age (Table 6). Female pup

survival (from the time of branding to age l) was dependent on the pup's weight at branding and

was significantly lower i¡ 1992 and 1993 when a moderate El Niño event occuned (Table 6).

Pup survival during non-El Niño years is estimated to have ranged from 0.65 to 0.98 for pups

weighing 7 kg to 29kgat time of branding, respectively.
Estimates of annual survival rates for males were based on 1,460 uniquely branded sea

lions (l I were excluded for missing data). During June and July in 1990-96, 1,146 resightings of
682 branded males were made. Of those branded, 778 males have never been resighted, but 308

are from 1994 and 1995, which have had only 2 and I occasions for resighting, respectively.
During 1994 and 1996 u/ith 500 to 600 hrs of effort combined at San Miguel and Año Nuevo
Islands (no effort in 1995) in each year, 50-60Yo of 2+ year old and35-40%o of yearling male sea

lions alive at the time of the survey were resighted in each year. During 1995 with an equivalent
level of effort only at San Miguel Island, orúy 29Yo of the 2 and 3 year-old males were seen and

l8% of the yearling males lvere seen. The effort in Northern California is particularly important
for resighting male sea lions and during El ñño events when females shift farther north. Survival
varied with age but with the current data differences were only found to 2 years of age (Table 7).
Male pup survival (from the time of branding to age l) was dependent on the pup's weight at
branding and was somewhat lower in 1992 and 1993 when a moderate El Niño event occurred
(Table 7). Pup survival during non-El Niño years is estimated to have ranged from 0.66 to 0.99

for pups weighing 12kgto 33 kg at time of branding, respectively.

Discussion

The branding program is providing important information on the biology and distribution
and movements of California sea lions.

l. Observations at the major hauling sites of California sea lions along the California coast
indicate segregation of the population by both sex and age and a limited degree of individual
movement between the study sites during the breeding season.

2. Survival rates vary by sex and age and pup survival is dependent on weight and the
occurrence ofEl Niño events.

3. Males are more likely to move to Northern California as pups which may explain why
their survival during the first year rlias reduced less than females during the 1992-93 El Niño
event.
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4. Both male and female survival rates are considerably higher than fr¡r seals (Lander

1981). Although \¡re expected to see decreases in survival with age, we currently do not have a

sufficient sample size of older animals to test for this effect because the initial branded cohorts

were small.

Our assessment of survival rates is preliminary and will be improved as more resighting

data are collected and as the model of resighting probability is improved. The ease of re-sighting

brands provides resighting probabilities that are much higher than most capture-recapture studies.

Althougfu the resighting probabilities a¡e higl¡ the assumed model of resighting probability

influences the survival estimates to some degree because of the non-random distribution of the

age and sex-classes. To counter this non-randomness, it is essential that resighting effort be

conducted throughout the animal's range. It is essential that resighting effort be continued to
some degree along the coast of California to increase the validþ ofthe estimates by reducing

their dependence on the assumed model of resighting probability. Research on long-lived species

requires long-term studies and while we have obtained some initial estimates of survival and

reproductioq it is important to recognize that until we have followed cohorts through their

natural life, our assessment is incomplete.

Our estimates of age at first birth and age-specific natality will also be improved as more

data are collected. From current data, adult females appear to have significant site fidelity once

they become reproductive. Although adult females were sighted at all study areas, reproductive

females were sighted only at San Mguel Island. Less than 40Yo of females sighted with pups in

1996 were continuous breeders, suggesting that most females do not reproduce in every year.

The youngest females sighted with a pup in 1996 were 5 years old indicatingthat although a few

females have been sighted with pups at 4 years of age @el-ong and Melin, unpublished data), the

minimum age at fust birth for females is 5 years.

Age-specific natality appears to be similar to northern fur seals (Callorhinus ursinus)'rn

that young females have lower natality rates than older females (Lander 1981). However, the

natality rates of age classes 7 (36.6%) to 9 (56.8%) are lower than the pregnancy rates reported

for northern fur seals (over 80% in 8 to 16 year olds) (Lander l98l). To more accurately

determine the average and range of age at first reproduction and age-specific natality rates, a

larger sample size is needed because of considerable individual variability in the values of these

parameters.
Many factors affect sighting probability, but for adult females the most important is

reproductive status. Females with pups are more likely to be sighted than females without pups,

but the probability of sighting a female with her pup decreases over the breeding season as pups

become more mobile. However, all breeding areas at San Mguel Island were surveyed at regular

intervals (generally every other day) to increase the probability that a female would be sighted if
she was present during the breeding season. The number of females with pups sighted at

San Mguel Island is probably a reasonable representation of the number of females present during

the 1996 breeding season.

Annual variability in sea lion distribution must be considered when interpreting which

areas are important to sea lions. The distribution of California sea lions among the four areas is

largely determined by the annual and seasonal distribution of their prey. For example, in 1982 and

1983, large aggregations of sea lions occurred at the Farallon Islands (Ainley et al. 1982, Huber



1991) and from 1992 th¡ough 1994, Monterey Bay and the central California coast sites served as

haulout sites for large numbers ofjuvenile and sub-adult male sea lions @rowne 1995; Birch and

Ono, in prep). However, during this study, fewer animals hauled out in these areas indicating that
the importance of these areas is variable. In contrast, San Miguel Island and Año Nuevo Island
are primary haulout sites every year.
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Table l. Survey effort for branded California sea lions along the California Coast, June-August 1996.

Survey
period

Number
of
survey
days

Number
of
survey
hours

Total
number
of
sightings

Sightings
per hour

San Mguel Island

Grimes Point

Cape San Martin

Seal Rock

Monterey Bay

Año Nuevo Island

Farallon Islands

3 Jun-30 Jul

3 Jun-27Aug

3 Jun-27Aug

3lun-27Aug

3 Jun-27 Aug

5 Jun-8 Aug

13 Jun-25 Jul

53

4

6

6

l2

28

l6

264.0

4.0

6.0

4.5

14.5*

t22.3

52.8

1,693

I

0

3

66

648

32

<1.0

2.6*

5.3

<1.0

6.4

<1.0

l¿)
ì..J

* Effort is based on 38 sightings for which effort was logged; the remaining 28 sightings

v/ere opportunistic.



Table 2. Number of sightings of branded animals sighted at four study areas along the California coast, June-August 1996.

Number of Number of Proportion of Proportion of
individuals unique individuals sighted unique sightings per
sighted sightings' per area Lrea

San Mguel Island 794 708 0.684

Monterey Bay Coast 70 33 0.060

Año Nuevo Island 272 174 0.234

0.760

0.035

0.187

0.018(,
l¿)

Farallon Islands

Total

25 17 0.022

1161 932

' Unique sightings are sightings of individuals observed at only one area during the season.



Table 3. Total number of unique sightings and proportion of each cohort sighted of female branded California sea lions at four study
sites along the California coast, June - August 1996.

Year
branded Age Class

Number
branded

Number
sighted

Proportion of
cohort observed

w
5

t987

1988

1989

1990

l99l

1992

1993

1994

1995

Total

Adult

Juvenile

Yearling

ll3
97

110

250

262

235

350

367

326

2tl0

0.389

0.278

0.373

0.304

0.2t4

0.243

0.343

0.381

0.294

0.3t2

44

27

4t

76

56

57

t20

140

96

658



Table 4. Total number of unique sightings and proportion of each cohort sighted of male branded California sea lions at four

study sites along the California coast, June - August 1996.

Year
branded Age Class

Number
branded

Number
sighted

Proportion of
cohort observed

(¿)
(,r

t987

1988

1989

1990

l99l

1992

1993

1994

1995

Total

Subadult

Juvenile

Yearling

87

83

90

251

235

266

150

134

175

t47t

o.207

0.157

0.222

0.255

0.298

0.184

0.320

0.388

0.320

0.265

l8

t3

20

64

70

49

48

52

56

390



Table 5. Age-specific natality of branded females sighted at San Mguel Island, California,

June-August 1996. All females sighted with pups were sighted at San Miguel Island.

Proportion
Number sighted sighted

with pups with pups
Number

Age sighted

9

8

7

6

5

4

Total

44

27

4L

76

56

57

301

25

l4

l5

3l

2l

0

106

0.568

0.519

0.366

0.408

0.375

0.000

0.352
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Table 6. Survival rate estimates (SE in parenthesis) of female sea lions. Pup

survival is for a pup of average weight from time ofbranding (- October)

to July I of following year.

Pup Yearling 2+ year old

Non-El Niño 0.86 (0.04) 0.83 (0.05) o.es (0.01)

El Niño (teez-e3) 0.ss (o.os) 0.83 (o.os) o.es (o.or)

Table 7. Survival rate estimates (SE in parenthesis) of male sea lions. Pup
survival is for a pup of average weight from time of branding (- October)
to July I of following year.

Pup Yearling 2+ year old

Non-El Niño o.e0 (0.06) o.7s (o.os) 0.87 (0.02)

El ñño (1e92) 0.80 (0.07) o.7s (0.0s) 0.87 (0.02)
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Figure l. Breeding and migratory ranges of California sea lions.
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Abstract

In August 7996, we were able to consistently locate Dall's porpoises (Phocoenoides dalli) in the
transboundary waters between Washington State and British Columbia and approach animals for
application of remotely deployed suction-cup attached time-depth recorder/VHF radio tags.
Tagging activities were undertaken while porpoises were bow-riding on a small vessel. Fifteen
tagging attempts were made, 13 of which resulted in tag contact with a porpoise. No reactions
were observed for the two misses, nor for 2 of the 13 hits. Of the I I cases when tag reactions
were observed, porpoises returned to continue bowriding almost immediately n 7 cases,

suggesting no long-term effect. Short-term reactions observed included a flinch (9 of 13 hits),
tailslap (1 of 13 hits) and high speed swimming away from the vessel (4 of 13 hits), with some hits
resulting in more than one type of reaction. Th¡ee of 13 hits resulted in successful tag attachment.
One tag remained attached for 4l minutes, providing the first diving behavior data for this species.
Rates of descent and ascent, as well as swimming velocity, were relatively high only for the first
6-8 minutes after tag attachment, suggesting a reaction to tagging that lasted approximately 8

minutes. The individual made 12 dives below 4 m in depttì, with a morimum dive depth of 94 m
(2.78 minute dive duration). Over 50% of the animal's time was spent in the top l0 m of the
water column.

Introduction

Dall's porpoise (Phocoenoides dalli) appear to be numerous in the transboundary waters
of British Columbia and Washington State @aird and Guenther 1994), and seem to regularly
approach vessels to bow-ride. As a prerequisite to capturing Dall's porpoises in FY 97 for tag
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attachment, a primary objective was to identifr areas in the inland waters of Washington where

this species could be consistently found and their approachability evaluated.

Collecting information on this species' swimming velocity, surfacing intervals, and dive

depth was also considered important for the design and construction ofthe tag attachment, as

*.U ur for the programming of satellite tag sampling and transmission protocols. Although

virtually nothing is known õf tnr biolory of this species in this are4 Dall's porpoise are generally

thoughi to be a deep-diving species. Such perceptions are based on several factors: l) oÊshore

distribution over deep watãr, 2) occurrence of deep-water fish in stomach contents, 3) more

massive skeletal musculature than other small cetaceans, 4) high blood-oxygen content, and 5) a

relatively higher heart weight than other species (Ridgway 1966, Morejohn 1979, review in

Jefferson 1988). They arJalso considered one of the fastest moving cetaceans. Leatherwood and

Reeves (1986) suggested that Dall's porpoise might reach short-term burst speeds of up to

55 km/h'(I5.¡ ør.r), although the mæ<imum speed actually measured for this species by Law

and Blake (1994) was 6.0 m/sec.

Time-depth recorders (TDRS) have been used with several species of small cetaceans to

study habitat usJand sub-surface behavior (e.g., Martin and Smith 1992, Scott et al. 1993, Baird

199¿, Martin et al.l994,Westgate et al. 1995, Davis et al. 1996). The incorporation of time-

depth recorders into radio tags allows for detailed collection of data on sub-surface activities,

spåcifically depth of dives, dive "shape" or profile, and rates of ascent and descent. On small

""tur""nr, 
,u.-h tugr have been deployed either by using captured or stranded animals and

surgically attaching tags, or by remotely attaching tags to free-ranging animals using suction-cups.

Capture operations .un b. both difficult and expensive, and they run a risk of injuring or killing

animals. Deploying tags by remote methods can also be dif;ñcult. Crossbow deployed suction-

cup tags onén Uounceãfi, and the relatively large size of these tags results in very short range for

nring thetn. Deployments by pole have a very limited range and are essentially limited to species

thatiow-ride, or to larger, slower moving species that can be closely approached by boats. On

small cetaceans, remotely-deployed suction-cup tags have only been applied to killer whales

(Orcirus üca),belugas (Delphinapterus leucas), Hector's dolphins (Cephalorhynchus hectori)

ànd bottlenose dolphins (Tursiops sp.) @aird 1994, Stone et al. l994,Lerczak 1995, Schneider

et al. 1996). One õf th.r" species, the bottlenose dolphin, seems to react strongly to these tags

(Schneideret al. 1996), so much so that Schneider et al. (1996) concluded that this form of
tagging was unfeasible (at least with the population they worked with in Doubtful Sound, New

Zealand).
We were interested in applying suction-cup TDR tags to Dall's porpoise for two main

reasons: l) To record the reactions of Dall's porpoise to remotely deployed suction-cup tags in

order to evaluate the feasibility of hoop-netting this species; and2), if successful, to learn about

the diving behavior of Dall's porpoise.

Methods

Tagging activities were based out of Victoria, British Columbia" and were undertaken in

both Canaãianãnd U.S. waters þrimarily Haro Strait, but also Juan de Fuca Strait). The tag used
.was a modified version of one designed by J. Goodyear, which has been previously used with



humpback (Megapterø novaeangliae), northern nght (Eubalaena glacialis), frn (Balaenoptera

physatus) and minke (Balaenoptera acutorostratø) whales (Goodyear 1981, 1989, pers. comm.),

as well as killer whales (Bùd 1994) and bottlenose dolphins (Schneider et al. 1996). The tag

used has also subsequently been deployed on a killer whale (R. Baird, unpublished data) and a

northern bottlenose whale (Hyperoodon ampullatus; S, Hooker and R. Baird, unpublished data).

The tag (total weight of about 3a0 gm) u/as composed of a 7.5 cm diameter black rubber suction-

cup (available from Canadian Tire - used for automobile roof racks and removing dents from
automobile fenders) attached with flexible plastic tubing to an oval tag body. The flexible tubing
allowed for some swivelling ofthe tag body on the cup. The tag body, constructed of syntactic

foam QI-34, Billings Industries, Falmouth, MA 1700 m ma:<imum depth capacity), and covered

with a thin layer of plastic @lasti Dip, PDI, Inc, Circle Pines, MN), contained a Wildlife
Computers Mk6 TDR (500 m depth data collection capacity, 2 m depth resolution), and a VHF
transmitter (Model Dart-4, Telonics, Mesa" AZ; 12 mw power output, 70 pulseVminute,164

l\illz) attached to a 3V lithium battery and with a44 cm custom built wire antennae. The tag

was designed to float upright with the antennae clear of the water's surface, after detaching from

an animal. A magnesium release system was incorporated into the suction-cup, limiting the

maximum duration the tag would remain attached. The release mechanism involved a stainless

steel tube, threaded on the outside, fitted through the body ofthe suction cup, and a threaded

magnesium cap (0.01" wall thickness) which was screwed on to the end of the tube. A rubber

disþ coated with silicone grease (Dow Corning I I I valve lubricant and sealant), was inserted into
the magnesium cap, to create a seal against the end of the stainless steel tube. The inner surface

of the suction-cup was also coated with this grease prior to tagging attempts. The TDR had three

sensors which were activated, a pressure (depth) sensor, a velocity sensor, and a salt-water

switch. The accuracy of the pressure sensor was previously tested by subjecting the TDR to
known pressures using a pressure chamber, and comparing the depth readings measured by the

TDR. The sampling rates for the sensors were set at once per second. The velocity sensor on

this tag calculates velocity based on the number of turns of a turbine, such that with a I sec

sampling rate the resolution of the sensor is 0.1 m/sec (M. Braun, Wildlife Computers, pers.

comm.).
When weather conditions permitted, we surveyed the study area using a7 m boat looking

for Dall's porpoise. When porpoise were sighted, the vessel was slowed and maneuvered in the

direction of the animals. Tagging attempts were made while seated on the bow of the vessel, with
the tag attached to the end of an extension pole (length ranging from approximately 2 to 4 m).

When porpoises approached the vessel to bowride, the pole (with tag attached) was held over the

front of the boat. When a porpoise surfaced directly in front of or immediately beside the

research vessel, an attempt to tag could be made by bringing the suction-cup quickly in contact

with the dorsal surface of the porpoise between the blow hole and the dorsal fin. The behavior

before (always bowriding) and after tagging attempts was recorded. Reasons why approaches

were discontinued (e.g., porpoises lost interest, other boats approached) were also recorded on an

ad hoc basis.
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Results end Discussion

Weather conditions permitted field work on 7 of 10 days in August 1996. Dall's porpoise

gfoups \¡/ere encountered and approached the vessel each day, most consistently in northern Haro

Strait. Thirty-six groups \ilere encountered during this period, of which up to 10 Sroups were

encountered per day. Twenty-two of the groups that were encountered approached the vessel

(60%),but the number that approached on a given day was variable. There u/ere a total of 15

tagsng attempts (ofwhich 13 were hits). Several conditions \ryere required before taggl.ng

attelnpts could be made. These included: l) relatively calm seas @eaufort 0 or 1), in order to see

the animals prior to surfacing and allow for proper pole placement - extremely rapid movement of
the pole would sometimes result in dislodging of the tag from the pole end; thus, some prior

warning ofwhere a particular porpoise was going to surface was necessary for an attempt; 2)

suitable light conditions - seeing animals below the surface was facilitated by having the sun

behind the vessel and fairþ high in the sþ, again allowing for proper placement ofthe pole prior

to an attempt; 3) relatively slow travel speeds - if porpoises were traveling quickly, surfacing

occurred too fast for tagging attempts to be made; and 4) no other boats within the immediate

vicinity. The area where taggngoperations were taking place is a region of high vessel traffic,

including commercial whale watching operations which focus some of their attention on Dall's

porpoise. To minimize any negative public reactions resulting from observations of tagging

activities (without being able to explain the nature and goals of the project and the potential

reactions of the animals), we discontinued tagging attempts when other vessels approached within

a few hundred meters (this occurred quite frequently).
Cases where Dall's porpoise reacted to tagging attempts are summarized in Table l. Not

all attempts resulted in a visible reaction. No reaction was observed in either case when the tag

did not make contact with a porpoise, and} of 13 hits resulted in no visible reaction by the

animal. Three other "types" of immediate reactions \ilere noted. These included a flinch (9 of 13

hits), a tailslap (l of 13 hits), and high speed swimming away from the vessel (4 of 13 hits)

(though on some occasions two of these reactions were exhibited by the same animal). For the 1l

cases where an immediate reaction v/as seer¡ individuals returned to the boat to bowride (or did

not discontinue bowriding) in 7 cases (suggesting no long-term impact, despite the short-term

reaction). Three ofthe 13 hits were successful in attaching the tag, though only one remained

attached for an extended period (41 minutes), The short durations of the other two attachments

(less than 2 minutes each) may have resulted from an ai¡ leak in the suction-cup (discovered later).

In all three cases where the tag stuclq the animals swam quickly away from the boat (though the

boat was also stopped at this point to try to track the tagged animal).

Monitoring of a VIIF receiver was undertaken for the entire period when an individual

was tagged. We were able to obtain the first data on diving behavior of this species - for one

individual taggedfor 4l minutes on 9 August 1996, in the U.S. waters of northern Haro Strait.

The tag was attache d at 1203 hrs (local time), and came offthe animal at 1244 hrs. For the one

individual tagged for 4l minutes, strong VIIF signals ìüere received on 5 occasions during the

fi¡st few minutes after the tag was attached, and two signals were received about 33 minutes after

tag attachment. The time that the tag detached from the animal was clearly indicated by the

reóeption of strong, continuous WIF signals (as the tag floated at the water's surface with the
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antennae clea¡ ofthe water). That so few signals were received during the majority ofthe period

while the tag was attached is probably due to the tag sliding down along the side of the body of
the animal (as has frequently been recorded with suction-cup tags on killer whales; R. Baird

unpublished data). The animal was not visually re-sighted during the period when the tag was

attached, though no effort was made to follow the individual. The tag was recovered within 2 km

of where the animal was originally tagged - evidence that the animal stayed in the general vicinity
ofwhere it was tagged. The sex ofthis individual was not known. Body size was estimated in

the field to be about that of a sub-adult (approximately 50 kg), thus relative tag weight was

estimated to be about 0.7 % ofbody weight.
Information on the animal's reaction to tagging v/as apparent in the TDR data. Figure 1

shows depth information over the entire tagging period. During the fust few minutes after the tag

was attached the animal remained close to the water's surface (within the top 2-6 m) before

beginning a series of deeper dives. Examining the rates of descent and ascent during the first few

deeper dives (Table 2) suggests that the animal was diving faster during the first few minutes than

for the remainder of the tag attachment. Velocity readings were also highest during the first
8 minutes of the tag attachment @ig. 2). These velocity readings, however, are not particularþ

high for this species. Law and Blake (1994) measured swimming velocity of free-swimming Dall's

porpoise using video recordings of surfacing animals, obtaining velocities of 3.4 to 6.0 m/sec

(mean of 4.3 m/sec) for "rooster-tailing" (i.e., fast swimming) animals, and 1.6 to 2.1m/sec (mean
: 1.8 m/sec) for "slow rolling" animals. Readings from our tagged animal were only within the

range which Law and Blake (1994) recorded for rooster-tailing animals during the first 4 minutes

after tagging. As noted above, however, accurate calibration of the velocity meter is not possible,

thus readings given could differ from actual speed of the animal.

A closer examination of the velocity data in relation to the porpoise's position in the water

column (i.e., near the surface versus at depth) sheds further light on the duration of disturbance.

Swimming speed generally decreased with an increase in depth during the first 6 minutes (from

1206 to l2l2lrs) after the animal began to dive below 4 m in depth (regression, p < 0.001,

?:0.456, df = 357). We suggest this relationship may reflect the individual's avoidance of the

surface waters as a reaction to the tagging attempt. No such relationship was apparent for the

6 minute period after l2l2 hrs (regression, p :0.717), nor for the remainder of the tag

attachment. Combined $/ith the decrease in the rates of ascent and descent after the first few

minutes, this change in behavior over time leads us to believe the animal \üas no longer

"disturbed" after the first 6 or 8 minutes of tag attachment.

This individual made 12 dives below 4 m in depth (the minimum depth to be considered a

"dive", given the depth resolution of the TDR)(Table 2). The bottom depth in the area where the

animal was tagged generally exceeded 200 nr, yet the maximum dive depth was 94 m. As noted

previously, a variety of other information (feeding habits, physiolory and morphology) suggests

that Dall's porpoise can dive quite deeply, we suspect the relatively shallow dives of our tagged

individual are an artifact ofthe short duration of our tag attachment. Over the 4l-minute period,

the tagged animal spent over 50% of its time in the top l0 m of the water column (Fig. 3). Such

informatioq on the proportion oftime the animal spends in the top few meters of the water

column, may be of interest to investigators undertaking aerial surveys for this species.

47



In conclusior¡ Dall's porpoise are expected to be consistently encountered in the study

area in sufficient numbers that readily approach close enough to the vessel to potentially allow

capture by breakaway hoop-net. Dall's porpoises reacted much less to taggsng attempts and tag

attachment than did bottlenose dolphins, using virtually the same tag and methods. Dive intervals

should allow for sufficient surface time during a satellite pass to get good quality locations. Dive

depths do not indicate the need for extraordinarily reinforcement ofthe transmitter housing.

Velocþ data will be important in estimating loading on dorsal fin tissue in future bioengineering

studies.
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Table l. Tagging attempts where a reaction was observed. Each line represents a different tagglrrg

attemot.

Date No. Animalsr
Responding

Behavior During Attempt2 Behavior Tag
After Attachment

Attempt (yes/no)

8 August

8 August

9 August

9 August

9 August

l0 August

l0 August

10 August

12 August

12 August

15 August

I

I

I

1

2

I

I

I

flinch

flinch

flinch

flinch

tailslap by 1, high speed

swimming away by both

flinch by 1, high speed

swimming awaybyall

high speed swimming away

flinch by 1, high speed swim
away by all

flinch

flinch

flinch

bowriding

bowriding

bowriding

bowriding

high speed

swim away

social

high speed

swim away

high speed

swim away

bowriding

bowriding

bowriding

yes (41 min)

no

yes

yes

no

no

no

no

no

no

no

t Only one tagging attempt was made in each case - when the number of individuals given is

greater than l, reactions were also observed for nearby (always less than 5 m) individuals.
2Behavior before taggng attempts in all cases was bowriding.
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Table 2. Characteristics for all dives at least 4 m in

Dive No. Start Morimum Duration
Time of Depth (m)

Dive
(min)

Bottom
Time2
(rnin)

Average
Rate of

Descent3
(m/sec)

Average
Rate of
Ascent3

(m/sec)

I

2

3

4

5

6

7

8

9

10

1l

t2

13

t4

15

76

t7

12:06:04

12:06:39

L2:07',21

12:08:19

l2:09:18

12:12:02

12:75.,29

12:t7:07

12:19:57

12:22:50

12:24:45

12:27:38

l2:30:14

12:32:55

l2:34:47

l2:38:32

12:40:31

t4

30

26

28

60

94

20

46

64

44

50

36

24

8

4

l0

l0

0.2

0.45

0.75

0.57

2.t2

2.78

1,.2

2.r8

2.15

7.4

2.28

t.97

r.82

0.t2

0.22

0.7

0.47

0.08

0. l3

0.1

0.15

0.73

0.75

0.55

I

0.4

0.35

0.48

0.52

0.92

0.53

0.2

0.02

0.12

3.43

3.47

1.45

2.09

l.t7

1.09

t.44

0.94

0.85

1.07

0.7

0.69

0.98

1.78

0.61

1.05

3.43

2.26

t.07

1.78

1.35

1.65

0.68

1.4

t.42

1.38

0.97

0.79

0.7

t.23

0,39

0.87

Mean (SD) 33.4 (23.e) 1.2e (0.84) 0.41 (0.31) 1.43 (0.88) r.34 (0.73)

t lvith a2 mdepth resolution of the TD& 4 m was the minimum depth that could be considered a

"dive".
2Bottom Time was calculated as the amount of time spent below 85% of the maximum depth.
3 Average rates of descent and ascent calculated using depth versus time data, not using the

velocþ sensor.
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Lisa S. Baraff, Janice M. 'Waite, CynthiaD'Vincent, P. Scott Hill, and Marcia M. Muto
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AlaskaFisheries Science Center, NMFS, NOAA

7600 Sand Point Way NE
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Abstract

Counts of gray whales (Eschrichtius robustus) during their southbound migration have

been conducted from shore-based stations in central California for most years since 1967. Studies

of the survey protocol have provided information on observer biases and estimates of whales

missed within the viewing area. This study examined pod size estimates relative to records of
whale g¡oups tracked through the viewing area. During the survey period, 7-23 Jamtary 1997,34
pairs of concurrent, independent standard watches, plus 2 watches by single observers, were
conducted for a total of 63 h¡s of standard counting effort in useable conditions. Meanwhile,

teams of observers at the same site made 133 track records of 100 groups of whales. Of these

tracks, 95 were considered excellent to fair records (track qualities of I to 3), and the remaining

38 records (track qualities 4 and 5) were compromised by visibility, high densities of whale pods

in the area, or other factors that made it difficult to follow the focal pod. Paired teams of
observers made independent, concurrent tracks of 34 whale groups. These showed fairþ good

agreement in judgments of track quality (subjectively rated from t to 5); in only 5 cases were

track quality discrepancies >1. Also, agreement in pod sizes occurred in65Yo of the cases, with
discrepancies of only I whale in l0 of the cases, and discrepancies >l in2 cases. There were 68

groups of whales recorded both by one or two teams of trackers and by one or both observers on

the standard watch. This resulted in 144 comparisons of pod size estimates. Pod size estimates

were the same in 45% of the cases; l2Yo of the pods were overestimated, 43Yo were
underestimated. Observers on the standard watch tend to underestimate the number of whales in
a group: pods recorded as size I should be corrected by +0.8, pods of 2by +0.9, pods of 3 by
*1.5, and pods >3 are not significantly over- or underestimated on average.

Introduction

Gray whales (Eschrichtius robustus) in the eastern Pacific Ocean have made a remarkable

recovery since the lfth century, when they were nearþ exterminated by commercial whaling.

This recovery has been documented by abundance estimates made from shore-based counts in
California since 1967 @uckland and Breiwich in press/. In 1986 the standardized counting
procedure was evaluated for repeatability through a 6-day test with paired, independent observers
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(Rueh et al. 1990), a test which was applied throughout the 1987/88 census (Rugh et al. 1993).

During each census since then, paired, independent counts ofwhales have been made for some or

all ofihe daily watches as¡ a part ofthe abundance estimations (Hobbs et al. in press). This has

provided a dócumentation of the degree of consistency between observer's sighting records, and

it has led to a modification of abundance calculations by correcting for whales missed within the

viewing area during a watch.
-After 

nearþ a decade of appþing the paired, independent observer tests, it is evident that

this is a valuable tool in evaluating obseryers' sighting records. However, there are some

limitations to this technique; for instance, discrepancies in pod size estimates and linkages

between sightings have been treated as an error of undercounting on the part of the observer with

the fewer sightings. \{hat has been needed is an efficient (large sample size per cost) technique to

study sighting records and related variables used to calculate correction factors, in part, to give a

better assessment of the error range in the census dat4 but also to provide improved

parameterization of elements (sighting time, distance, and pod size) used in the matching

hgorithm. The factors of the gray whale abundance estimate with the greatest uncertainties and

potentially the greatest unknown biases are the pod size correction factor, links made between

sigtrtings by each observer, and the matching algorithm (matching sightings between observers).

All of these involve knowledge of how an observer identifies and interprets the visual cues from a

pod of whales passing the study site. The gray whale survey design and analysis are based on

some basic assumptions: that gray whales travel in fairly discrete pods that remain cohesive as

they pass through the observers' visual field; the pods have a typical travel speed (6 km/hr;

Swartz et al. 1987), migration path (parallel to the coast), and surfacing behavior pattern (average

surfacing intervals of 1.3 min and long dives of 3.1 min; Swartz et al. 1987); and that no sighting

data are recorded in the absence of whales ("false positives"). These assumptions are fundamental

to the way each observer links an initial sighting of a whale group to the sighting that occurs

closest to the standard viewing hne (241"). These assumptions must also be met to accurately

compare concurrent sighting records through the matching algorithm. In particular, assumptions

of pod integfity must be met - at least for the several minutes it takes a pod to travel through the

viawing a¡ea. Accurate pod size estimation is an integral component of the survey because it is

more efficient both for data recording and statistical analysis to count pods and estimate pod size

than to record individual whales. Available tracking data and observer experience have indicated

that, in the majority of circumstances, gray whale pods are sufficiently cohesive and behave in a

manner predictable enough to support this approach. What remains is to determine the range of
deviation from the typical behavior and to quantify any biases that may result from errors in

linking sightings within each record, matching sightings between records, and pod size

estimations.
To address these issues, we conducted a study during the gray whale southbound

migration in January 1997 atthe observation site at Granite Canyon. The objectives \¡/ere to

.*ã.it. how gray whale pods moved through the survey viewing field and to compare these

observations to data recorded for the respective pods during the standard watch. More

specifically, the objectives v/ere to: l) develop and test a reliable method for tracking whale

groups; 2) measure the precision of time and location data recorded during the standard watch;

un¿ il measure the precision of pod size estimates made during the standard watch. This test



assumes that teams of observers working in pairs can reliably follow and record sighting locations

and sizes of pods of whales as they migrate through the primary viewing field. These tracking

records, when compared to the standard counting records, may then be used to calibrate pod size

estimates, inter-sighting linkages, and the inter-observer matching algorithm.

Methods

From 7 to 23 January 1997, NMML conducted a study of the research protocol used to

count gray whales migrating past the Granite Canyon research station. The four observation

sheds erected on 7 January 1997 were 87 m south and 0.87 m higher than the site used in

previous years (1974-96) due to contaminated soils at the old site. This change was not

considered to be significant relative to the limits of precision in the binoculars' reticles and

compasses. Sighting records collected on 7 and 8 January were considered practice and training

periods. From 9 to 2l January, observations were conducted throughout most daylight hours.

Data were entered into a computer and were quality-checked before the next day's effort began.

On22 January, a rain storm precluded any effective watch eflort. A final watch was conducted

on23 January, and the sheds were dismantled.

In this study ofcounting protocol, 7 ofthe 8 observers had conducted shore-based counts

of gray whales in the past, including one observer who conducted counts from 1975 to 1985 and

another from 1977 to 1996. Most observers rotated between the counting and tracking efforts

daily. Observation rotations balanced the pairings between observers on the independent,

standard counts and balanced the use of the two sheds (minimizing minor potential biases).

Two independent, concurrent, standard counting records (referred to here as standard

watches) were conducted each day, weather allowing, for approximately 8 h¡s, with emphasis on

maintaining the protocol used since 1985 (Rugh et al. 1993). This included the use of reticled

binoculars with magnetic compasses to record the vertical and horizontal components of the

location of one or two sighting positions for each whale group. A table with reticles and bearings

provided an estimated time and location that whales, traveling at the expected speed (6 km/hr)

and direction þarallel to the coast), would arrive at the 241' standard viewing line.
\ilhile the standard counts were being conducted, one or two teams of trackers selected

whale pods well to the north of the 241" line and tracked them as they migrated south through the

viewing area. Pod selection was kept confidential from the observers on the standard watch, and

it was somewhat randomized to avoid potential bias towards selecting large pods in the middle of
the search area. The selection process was kept efficient by using a regime of searching the area

for up to 5 minutes and selecting a focal pod based on the timing of the sightings. Each focal pod

was then tracked constantly by one observer with binoculars while the other recorded information

and watched opportunistically. When two teams of trackers were available, they conducted

concurrent tracks of the same focal pods. Operating from separate sheds, observers identified

focal pods by communicating with wireless headsets. Communication stopped when pods

reached prescribed boundaries (270",260o, or 240o), after which each tracking team followed the

respective pods independently. The goal was to collect l0 concurrent tracks in each of the th¡ee

prescribed tracking boundaries.
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Sightings were recorded according to time (to the second), reticle (to the nearest 0.I
reticle), horizontal angle (to the nearest degree), pod size, and direction headed if not southbound.

Time, reticle, and angle were precisely recorded to keep data as comparable as possible to the

standard watch. When there was confi,¡sion about a time entry it was considered tentative (T) if
the error was within 10-60 sec; it was considered unknown (U) if the error was >60 sec. Whale

groups were tracked until they were well south of the viewing window used by the observers on

the standard watch (e.g., 230o), with a typical track lasting approximately a half hour.

Atrack quality code (TQ) was established to record the relative degree of confusion a

tracker may have had between the focal pod and other nearby pods. This was a combination of
subjective evaluations: visibility ofthe whale pod; density ofwhale pods in the sighting area;

behavior ofthe pod; distractions incurred during the tracking event; etc. TQ reflected how

confident the tracker was that the focal pod was consistently followed: TQI : the focal pod was

clearþ distinct; TQ2 = all but a few surfacings were distinct; TQ3 = there may have been some

surfacings that were confused between whale goups; TQ4: it is uncertain whether the track
record was from the focal pod only or if it included one other pod; TQ5 : the focal pod could

have been confi,¡sed among several other pods. In the analysis, only when TQ was less than 4

were the data used for comparing pod size estimates.

Observers reviewed their data immediately after each tracking event, or as soon as

possible, to create the best possible written record. Any discrepancies that occurred between

multiple observers were resolved by consensus during the data review.

Results

During 14 days between 7 and23 January 1997,there were 34 pairs of concurrent,

independent standard watches, plus 2 watches by single observers. Most standard watches v/ere

3 hrs each; 7 were only 1.5 hrs to maximize efficiency in data collection while limiting the field

time to 8 hrVday. A total of 63 h¡s of standard watch effort was collected in fair or better

sighting conditions.
A total of 133 track records of 100 gfoups of whales were collected. Figure I shows

tracks collected from the team in the south shed while doing concurrent efforts with the team in

the north shed. Of the 133 tracks,95 (71%) were considered excellent to fair records (TQ<4),

and the remaining 38 records (TQ>4) \ilere compromised by visibility, high densities of whale

pods in the area, or other factors that made it difficult to follow the focal pod. When two teams

of trackers followed the same group (n : 34), most of the judgments on track qualities were the

same (59%) or different by only I increment Q6%); in 5 cases (15%), discrepancies \¡/ere greater

than 1. The paired sampling did not show significant differences between track qualities recorded

by the paired teams (two-tailed t test, p : 0.66).

Of the 34 concurrent track records, observers agreed on pod sizes22 times (65%) and had

discrepancies of only one whale l0 times (29%), while in 2 (6%) cases discrepancies were greater

than I (5 vs. 7, and 3 vs. 6). Removing samples when at least one team considered the track

quality compromised (TQ )3; n = 22) does not make a large change in the results: there were 15

(68%)timesinwhichbothteamsagreedonpod size,5 differences (23%) ofonlyonewhale, and

2 differences (9%) where discrepancies were >1. Put in another way, when track qualities were
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excellent (both teams recorded TQ:l), 9 out of 12 times (75%) they agreed on pod size; when

the mæ<imum TQ was 2, agreements were made 5 out of 7 times (7lYo); when the TQ was )2,
agreements were made 8 out of 15 times (53%)(Table l). Although the sample size does not

allow for a rigorous comparison of observers (there were only 0 to 4 pair-wise comparisons, and

6 to 17 concurrent tracks were collected by each of the 7 observers), no one observer performed

very differentþ from the others: pod size discrepancies occurred orúy 2-4 times per observer.

When limiting anaþsis to focal pods with TQ<4, sample sizes were too small to compare tracking
efforts between each of the prescribed zones (270",260", and240";n: 5, 4, and 4, respectively).

There were 68 groups of whales recorded both by the trackers and by at least one

observer on the standard watch; 32 tracked pods were not seen by an observer on the standard

watch. Matches between the records were only included iftrack qualities were good (TQ<4),
visibility was good (VlZ<s), and the matches were considered unequivocal. Using each

combination of pod size estimates between the trackers (often two concurrent but independent

teams) and the standard watch (usually two independent observers), there were 144 matched

records. Preliminary analysis between the trackers and the standard watch indicates that there

was a good comparison in pod size estimates (Table 2). Entries on the diagonal (45% of all
matches) indicated that both trackers and observers on the standard watch made the same pod

size estimates. In orúy lTYo of the cases, observers on the standard watch overestimated pod size,

and in 43Yo of the cases they underestimated. Table 3 presents the results in a format used by
Reilly (1981). This shows that pods recorded as I on the standard watch were underestimated by
0.80 (p<<0.001), estimates of 2 should be corrected by 0.90 (p <0.001), estimates of 3 should be

corrected by 1.5 whales (p = 0.003), and pods larger than 3 were not significantly under- or
overestimated (p : 0.366).

Miscellaneous Marine Mammal Sightings

In addition to gray whales, several other species of marine mammals \ryere seen. Sea otters
(Enþdra lutris), California sea lions (Zalophus californiønns), Steller sea lions (Eumetopias
jubatus), and harbor seals (Phoca vitulina) were frequently seen but were not recorded. Over
150 common dolphins (Delphinus delphis) were observed on 14 January. Several killer whales

(Orcirus orca;2 males and 3+ females or subadult males) were seen on I I January. For
approúmately 1.8 hrs they were very active 3-4 km northwest of the study area, porpoising,

fluke-slapping, and breaching; then they surfaced slowly in a small area, joined by a large flock of
gulls.

On 16 January, a pod of 7 or more gray whales headed toward shore in front of Granite

Canyon. This pod was pursued by l5-20 Risso's dolphins (Grampus griseus) that approached so

rapidly they were rooster-tailing across the surface. Most of the gray whale pod swam north
close to shore in a tight group, but one young gray whale seemed to have been singled out. It
swam to the north, close to shore, upside down with its chin out of the water for several seconds

at a time. It frequently extended a tattered flipper and flukes above the water. The Risso's

dolphins surrounded the gray whale, and therq about 5 minutes later, they swam slowly soutt¡
followed by the young gray whale more than I km behind.
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Discussion

Our füst objective, to develop and test a reliable method for tracking whales, was

achieved with equivocal success. Although it proved difficult to follow a whale or group of
whales through the viewing area, this process did provide an empirical record of apparent linkages

between multiple sightings. Because the trackers worked from the same site as used during the

standard watclr, and because the tools (reticled binoculars) and observers (through rotations)

were the same, the perspective ofthe whale groups was the same. This helped avoid problems of
trying to identi$ which whales were seen by aerial teams during pod size calibration tests.

Furthermore, the aerial calibration tends to draw attention to the area where the aircraft is circling

and may bias upwards the amount of time observers watch pods in that area.

What gave aconsiderable advantage to the trackers over the observers on the standard

watch was the open coÍrmunication between two observers (one who was dedicated to searching

only without having to look down to record) and the option to focus on one group at a time,

staying with it for approximately a half hour. Independent, paired tracking teams served to test

the repeatability of this effort. What is needed now is an independent test of the tracking method,

such as an aerial operation in communication with the tracking team but not communicating with

the observers on the standard watch, This study is currently proposed for the next counting

season.

The second objective, measuring the precision of time and location data was based on the

assumption that appropriate matches were made between the record in the standard watch and the

record made by the tracking team. And it is assumed that the tracking team had relatively more

precise data than that collected during the standard watch. Matches between these two records

were examined manually during the field season and were later checked and then compared to a
computerized matching algorithm. The combination of these efforts made it highly probable that

all appropriate matches were found.
Precision in the tracking data was achieved through multiple sightings of a whale group,

thus minimizing the probability of spurious records. Plotting the location data provided a degree

of quality control. Open communication between the dedicated observer and the recorder in the

tracking team allowed immediate infield data checks and made for more reliable recordings

because, unlike the standard watclU the dedicated trackers did not need to look down to write.

The third objective, precision in group size estimates, was met in comparisons between the

standard effort and the tracking records. These comparisons showed that small groups are

underestimated but that larger groups are fairþ accurately estimated. This may be a function of
the demands placed on the observers doing the standard watclU when they must search for
whales, make judgments on resightings, collect sighting data, and then look down to record

sighting data. During particularþ busy times, it is possible that observers on the standard watch

made estimates of pod sizes from only one series of surfacings. Pod sizes were easily

underestimated, but when an observer noticed that a group had 4 or more whales, the group

might have been studied more intensely, resulting in the apparently more accurate counts (Table

3).
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Cynthia D'Vincent conducted counts of whales from 1975 to 1985. This study in 1997

was her first experience with the procedures as modified since tests of the system were initiated in

1936 (Rugh et al. 1990). Although there has been an attempt to maintain the same survey

protocol through the years, Cynthia described the current counting effort as being more oriented

toward recording sighting locations and linking pods than eflorts from 1975 to 1985 when there

lilas more time available to follow each pod and fewer data entries were necessary. It is not

known how much these changes in counting methods affect abundance estimates, but the

increased data entries (both from writing location information and from higher whale densities)

would probably result in underestimating the number of whales, muting rather than exaggerating

the apparent population increase.

Results from this study of pod size estimates can be compared to similar efforts conducted

with aircraft ßeilly 1981, Laake et al. 1994) and with thermal sensors @eAngelis et al. 1997).

An aircraft was used in 1978 @eilly l98l) to establish pod sizes relative to estimates made by 12

shore-based observers. This resulted in 381 comparisons of pod size estimates (Table 4). It was

established that pods recorded as having 2 or 3 each were accurate enough on average to not

need corrections, while whales recorded as traveling alone or in pods of 4 or more should be

corrected by +0.35 ¿¡d *0.33, respectively.
Laake et al. (1994) also used aircraft to establish pod sizes, but their results, collected in

1993 and 1994 (n :240), were different from Reilly's (1981): each pod size estimate needed

corrections, and the size of the corrections diminished as the size of the estimates increased (Table

4), which is a pattern opposite to the results of the current study. But comparable to the current

study, pod size estimates of 4 or more were not significantly different from the calibrated sizes.

Thermal sensor dat4 collected in 1995 and 1996, were based on245 matches between

pods studied on video tapes and pods recorded on the standard watch at the same time (Table 4).

They found aTQYo agreement in pod size estimates, well more than the 44Yo found by trackers in

the current study. There were no significant differences between methods when observers on the

standard watch recorded pods of 2 or 3 whales, but the thermal sensors found more whales in

pods recorded as I (+0.36) or pods of 4 or more (+0.35). These results are nearly identical to
those ofReilly (1981), but not the same as those collected in the current study or in Laake et al.

(1ee4).
Conclusions made in this manuscript should be considered tentative because there is only a

small number of comparisons between survey methods and there remain many aspects of the data

that still need to be examined.
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Table l. A comparison of pod size estimates made by two teams of paired observers

independentþ tracking gray whales through the viewing area at Granite Canyoq January 1997.

TQ = track quality, aratrngsystem that subjectively described the perceived accuracy of the track
record, where a TQ of I was an excellent record and a TQ of 5 was un¡eliable.

TQ
Pod size

discrepancy
:0

Pod size Pod size

discrepancy discrepancy
:1 >1

I

2

3

4

5

t2

7

3

5

7

2

I

2

2

3

I

I

0

0

0

e (7s%)

5 (7r%)

t (33%)

3 (60%)

4 (s7%)
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Table 2. Comparisons of gray whale pod size estimates made by teams tracking the pods versus

observers on the standard watch at Granite Canyon in January 1997, Cells indicate the number of
estimates corresponding to the respective pairing (e.g.,36 times both methods agreed that there

was only I whale in a pod). Numbers in bold are the samples in which both methods agreed on

the pod size.

Trackers'
pod sÞes

76

I

2

3

4

5

6

7

8

9

5

LI

8

3

5

2

I

0

0

0

0

2

2

J

3

0

0

0

0

0

3

3

2

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

4

0

I

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

I

0

36

20

2

2

3

2

0

0

0

0

0

I

6

J

I

0

0

0

Pod sizes recorded on the standard watch
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Table 3. Estimates of group sizes of gray whales migrating past a shore-based counting station

compared to group sizes established by teams tracking the whales through the viewing area near

Granite Canyon in January 1997.

Pod size Means of Variance n t p (trvo+ail) Bias

estimates "True size"

I 1.80 1.60 65 -5.10 <<0.001 -0.80

2 2.90 2.34 4l -3.78 <0.001 -0.90

3 4.46 2.60 13 -3.27 0.003 -1.46

>3 4.76 1.94 25 +0.91 0.366 0.00

(x:5.12)

Table 4. A comparison of corrections of estimated pod sizes of gray whales migrating past a

shore-based counting station near Granite Canyon.

Laake DeAngelis
Pod size Reilly et al. et al.

estimates (1981) n (1994) n (1997) n This study n

I +0.350 225 +0.941 102 +0.36 106 +0.80 65

2 0 101 +0.646 82 0 6I +0.90 4l

3 0 28 +0.607 28 0 45 +1.46 13

>3 +0.333 27 +0.250 28 +0.35 30 0.00 25
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Figure l. Tracklines of gray whales migrating south past a research station at Granite

Canyon, California, in January 1997. Sighting locations were determined by teams of
shore-based observers using reticled binoculars with magnetic compasses.
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Abstract

Aerial line-transect surveys were conducted during August 1996 primarily to estimate harbor
(Phocoena phocoena) and Dall's porpoise (Phocoenoides dalli) abundance in five regions,

encompassing U.S. and Canadian waters of the Strait of Juan de Fuca, San Juar/Gulf Islands, and

Strait of Georgia. The surveys were conducted by Cascadia Research Collective under contract
to the National Marine Mammal Laboratory. We provide a suÍrmary of the results that are fully
described in Calambokidis et al. (1997).

Abundance Estimates
Harbor Porpoise

A total of 6,263 km (3,382 nmi) of on-transect effort (Fig. 1) was completed using a twin-
engine high-wing aircraft flyrng at 90 knots and an altitude of 600 ft. Th¡ee observers searched

for marine mammals through side bubble windows and a downward viewing port. Out of 1,505

groups sighted (3,340 animals) while on-effort, 1,074 were harbor seals, 311 were harbor
porpoise, and76 were Dall's porpoise. From these data, abundance of harbor porpoise and Dall's
porpoise was estimated for U.S. and Canadian waters during 1996. In addition, the 1991

estimates were updated by restricting the survey data to U.S. waters. Table I summarizes the
uncorrected and corrected abundance estimates for the Inland Washington stock occurring in U.S.

waters during l99l and 1996. The estimate of abundance uncorrected for g(0) increased between

l99l and 1996 but the difference is not significant (Z:0.8, P:0.42). The current stock
assessment report (SAR) @arlow et al. 1995) specifies a PBR of 27 harbor porpoise based on the
l99l estimate that had included survey areas in Canadian waters. The re-analysis of the l99l
survey data yields a PBR of 2l and for the 1996 estimate the PBR is 25.

67



Table 1. Nr^, values for the Inland Washington stock of ha¡bor porpoise based on abundance

estimate uncorrected for g(0) and correcte.d for g(0) using alternative estimates from Laake et al.

(lgg7). 9,(0)=0.292 (SE=O.107) corrects for availability and perception bias, while gr(0þ0.338
(SE:0.061) only corrects for availability bias and assumes all harbor porpoise near the surface are

¿etecte¿

Year Method Abundance CV Nm*

t99t Uncorrected for g(0)

Corrected for gt(O)

Conected for gd0)

856

2933

2533

0.17

0.40

0.25

744

2lt6

2064

1996

Dall's Porpoise
The current incidental mortality of the California/Oregon/Washington stock ofDall's

porpoise is well below 10% of the estimated PBR and it is not a strategic stock. However, as part

of the harbor porpoise surveys in 1991 and 1996, sightings of Dall's porpoise tryere recorded and

an analysis of abundance for the inland waters was included in Calambokidis et al. (1997). Table

2 summarizes the 1991 and 1996 estimates of Dall's porpoise in Washington's inland waters.

Table 2. N^ values for Dall's porpoise in inside waters of Washington based on abundance

estimate uncorrected for g(0) and corrected for g(0) using alternative estimates from Laake et al.

(1997) for harbor porpoise. gr(0)=0.292 (SE=Q.107) conects for availability and perception bias,

while gr(0):0.338 (SE:0.061) only corrects for availability bias and assumes all po¡poise near the

surface are detected.

Year Method Abundance CV NìÆ'

Uncorrected for g(0)

Corrected for gr(0)

Corrected for s.,(0)

t025

3509

3033

0.15

0.40

0.24

903

2545

2494

1991 Uncorrected for g(0)

Corrected for g,(0)

Corrected for gr(0)

802

2747

2373

0.31

0.48

0.36

62t

t872

t769

t996 Uncorrected for g(0)

Corrected for gt(O)

Corrected for e,(0)

230

651

263

900

778

0.16

0.40

0.24 638
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Distribution

Nine different marine mammal species were observed during the surveys. Sufficient

sample sizes were available for the three most commonly sigtrted species, harbor seals (n:862,
Fig.2), harbor porpoise Qr261,Fig. 3), and Dall's porpoise (n:68, Fig. a) to determine their

habitat preferences related to water dept[ dista¡ce to shore and sighting rate differences for 352

one square kilometer geographic cells. These species were found at most water depths, but
sighting rates of harbor seals were significantly greater at shallower depths (trvo-way ANOVA
P:0.010) and Dall's porpoise sighting rates rilere significantly higher in the deeper waters

@:0.001). Harbor porpoise distribution va¡ied significantly by depth @:0.013), with more

animals occurring in deeper waters of the San Jua¡/Gulf Island regions. In the Strait of Juan

de Fuca" no clear pattern in the depth distribution could be ascertained. The significant regional

differences for ha¡bor seal and harbor porpoise were explained by the low sighting rates in the

Strait of Georga, where only these two species were seen. Distance to shore was only a

significant predictor for harbor seal distribution @<0.000). Because harbor seals and harbor

porpoise, the most Gornmon species incidentally taken in these waters, ranged widely and were

found at all depth and distances to shore, closing specific areas to gillnet fisheries may not be an

effective method to reduce take levels.
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Figure 1. Transect lines and region boundaries for aerial surveys flown in 1996. Survey effort in
good weather conditions @eaufort sea state of 2 or less and cloud cover of 25o/o of less) is shown

by a solid line and survey effort in poor conditions by dashed lines.
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Figure 2. On-effort sightings of harbor seals, pups, and haul out sites made under

acceptable visibility conditions.
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ENTANGLEMENT OF'HARBOR PORPOISE IN A SET GILL¡¡-ET FISITT'¡Y
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Abstrect

Field tests were conducted u¡ith four set gillnets to evaluate the effectiveness of acoustic alarms

þingers) to reduce the incidental entanglement of harbor porpoise (Phocoena phocoena) in the

Spike Rock tribal fishery in northern Washington during the summers of 1995 and 1996. Each

net v/as alternately fished with and without pingers. In both the 1995 and 1996 experiments the
nets had significantly lower entanglement rates when pingers were attached. In 1996 from a
shore-based site, we observed harbor porpoise locations relative to one of the set gillnets. When

the net was alarmed, harbor porpoise were effectively displaced within a radius of 125 m a¡ound

the net. tù/e provide summaries of these studies which are described in detail in other
publications.

Pinger Mortality Studies

Four 100 fathom (183 m) set gillnets were alternately fished without and with pingers in
the Spike Rock Fishery Area, seaward of Shi Shi Beacl¡ which is within the Olympic Coast

National Marine Sanctuary at the northwestern edge of the Olympic National Park in Washington

State (Fig. l). Eleven pingers were placed on the nets at 16.6m intervals. The pingers produced

a broadband signal with peaks at 3 and 20 kflz, with overall source levels between 121.7 and

124.7 dB re I micropascal at I m. Duringl995,52 days were fished without pingers and 19

harbor porpoise were entangled and 51 days were fished with pingers and only I harbor porpoise

was entangled. The 1995 data were analyzed by Gearin et al. (1996)

and reported to the International Whaling Commission (IWC). The 1995 experiment

demonstrated a significant reduction in incidental mortality; however, the pinger treatment was

not balanced through time because of pinger failure. Therefore, the experiment u/as repeated in
1996 to achieve better temporal balance and to allow for observational studies of porpoise around

the net during alarmed and unalarmed states. The 1996 results (Table l) also demonstrated that
pingers significantly reduced incidental harbor porpoise mortality (X'= Ll.2,l df, P<0.001).
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Table l. Number of net days classified by alarm status (with or without pingers) and whether one

or more ha¡bor porpoise lvere entangled in the net (total number of porpoise entangled in

Entanglement

Year Yes No Total

1995 Alarmed

Not alarmed

Total

l(l)
e (le)

l0 (20)

50

43

93

5l

52

103

1996

Harbor Porpoise Observetions

Largeand small-scale fishery experiments have demonstrated that attaching acoustic

devices (pingers) on gill nets reduces harbor po¡poise entanglement and mortality (Kraus et al.

1995, Gearin et al. 1996). However, the mechanism for mortality reduction has not been

investigated and is unknown. 'We conducted shore-based observations of a set gill net that was

alternately alarmed and unalarmed for 2- to 5-day periods during 27 days between l1 July - 6

August 1996. The results of the observation study are described in detail by Laake et al. (in

Prep.).
Observations of the Spike Rock Fishery A¡ea were made from a site on an exposed bluff

northeast of Shi Shi Beach (48"16.5N, 124"40.7'W). An observation team, unaware of the alarm

status of the nets, conducted 30- to 45-minute systematic watches ofthe field of view. One

observer scanned the inshore area while another scanned the offshore area, and a third person

recorded data. The four-person tean\ including a rest positior¡ rotated every 45 min. rilhen only

3 observers were available, rotations rilere made every 30 min. Searching was conducted through

7x50 binoculars (Fujinons), which have a 5.44o optical field ofview with 14 vertical reticle marks

(17'per reticle mark) and 16 horizontal reticle marks (not used). An internal magnetic compass

provided 360' bearings, accurate to within 3o. The search consisted of a systematic, continuous

scan horizontally across the survey area, swinging the binocular from right to left or left to right,

but not back and forth at7-8 min per scan.

Our primary interest was whether harbor po¡poise were displaced from the region

surrounding the net when pingers were attached. For each surfacing, we computed the closest

distance between the surfacing and net #10, which was closest to the observation site. We

constructed distributions for the distance from each surfacing to net #10, when it was alarmed and

unalarmed. Because multiple observations of surfacing harbor porpoise through time will

Alarmed

Not alarmed

l(l)
14 (28)

6l

60

60

46
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obviously be very dependent, standa¡d statistical distribution tests (e.g., Kolmogorov-Smirnov)
that assume independence would not be valid. Instead, based on a graphical examination of the

distributions, we chose a distance of 125 m as the radius of a displacement region and defined the

random variableH:l if harbor porpoise rvere seen surfacing once or more within the

displacement region during day I andy, =0 ifthey were not seen in the displacement region. If the
proportion of days in which¿ =l QrPrQt,:l)) were significantly different between alarmed (p,)

and unalarmed (p") periods, we would conclude that the alarms displaced the po¡poise, The

statistical methods used to test the h¡pothesis are described in Laake et al. (in prep.).

Harbor porpoise groups were sighted on 501 occasions :ri'135.7 hrs of observation during
27 days. The amount of observation time varied between 0.3 and t hrs/day in excellent to fair
visibility conditions. Nets were attended typically during mid- to late-afternoon. When the alarm

status of net #10 changed mid-day, we excluded the afternoon portion of the observation from the

analysis so we did not have to model dependence within a day as well as between days. This

excluded 14.3 hrs, resulting in 50.4 hrs of observation during 13 days when net #10 was

unalarmed andTl hrs during 14 days when net #10 was alarmed.

Harbor porpoise sightings were primarily clustered to the north of net #10 (Fig. 2), but
when net #10 was unalarmed, harbor porpoise lilere seen closer to the net. The distribution of
distances between sightings and net #10 (Fig. 3) suggested porpoise were displaced 100 to 150 m
from the net. We chose 125 m as the radius of the displacement region for testing the significance

of an alarm effect. Harbor porpoise were seen within the displacement region on 5 of the 13 days

when the net r¡/as not alarmed, but on only I of the 14 days when the net was alarmed (Table 2).

Without considering the influence of hours watched and visibility, this is not a significant result

@=0.08, Fisher's exact test). Hou/ever, during 7 unalarmed and 5 alarmed days when fewer than

4 observation hours were conducted (Table 2), harbor porpoise \¡/ere never seen within the
displacement region. Whereas, during days in which 4 or more hours were observed,

Table 2. Proportion of observation days in which harbor porpoise v/ere seen within 125 m of net

#10, classified by alarm state of net #10, number of observation hours, and visibility conditions.

Alarm Off

Ala¡rr On

Average Visibility

Hours Watched Ex-Good (<3) Good - Fair (>3)

<4

>4

Total 3/r0

<4

>4

Total

0/6

3/4

0/4

v5

r/9

0/r

2t2

213

0/l

0/4

0/s

0t7

s16

5/13

0/5

L/9

v14
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harbor porpoise were seen in all but I unalarmed day, but on only I of 9 alarmgd days. Fisher's

exad tãst yields a significant result (H.Ol) when the analysis is restricted to days with 4 or more

observation hours. iiriUitity does not appear to be very important, except that there were fewer

hours of observation on days when observations urere halted because of poor visibility conditions.

Even though we demonstrated that harbor porpoise were less likely to surface within a radius of
at least 125 maround the net, $'e are uncertain whether the porpoise were repelled by the alarms

or whether it was their prey that were repelled.
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Figure 1. Spike Rock Fishery area. Approximate field of
view (56) indicated by lines emanating from base camp

position, Nets, numbered 10-13, indicated by anchors.

Approximate bathymetric contours are indicated for 4,6,8

and l0 fathoms.
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Figure 2. Positions of harbor porpoise sightings when net #10 was unalarmed (circle) and alarmed
(+)
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Abstract

In 1996, the number of harbor seals (Phoca vitulina) counted in Washington on aerial surveys

during the pupping season was 21,820. In Oregon, from aerial survey data collected by the

Oregon Department of Fish and Wildlife, the number of seals counted in 1996 was 6,421. When

these data \ilere separated into two stocks, there were 17, I 06 seals in the Washington and Oregon

coastal stock and ll,l35 seals in the Washington inland waters stock. Using the 1.53 correction

factor to account for seals in the water during surveys, the corrected estimate for the coastal stock

was 26,172 seals (95% C.I. = 22,946 to 29,853) and the corrected estimate for the inland waters

stock was 17,036 seals (95% C.I. : 14,853 to 19,540). The annual rate of increase between 1983

and 1996 was simila¡ forthe two stocks:4%ofor the coastal stock and 6Yofor the inland stock.

The annual rate of change between l99l and 1996 was quite different for the two stocks: the

coastal stock decreased 1.6% annually, which \ilas not significantly different from zero (p :
0.083) and the inland stock increased 10% annually, which was significantly different from zero þ
:0.034).

Introduction

Harbor seals (Phoca vitulina) are the most abundant pinniped in Washington: their

distribution includes the outer Olympic Peninsula coast, the coastal estuaries (Grays Harbor and

Willapa Bay), the Strait of Juan de Fuca, the waters around the San Juan Islands, Eastern Bays,

Puget Sound, and Hood Canal (Fig. l). Harbor seals are also the most common pinniped in the

Columbia River and coastal Oregon. They pup and breed in all of these regions. In the past,

harbor seals in Washington and Oregon were killed by state-financed bounty hunters as a method
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of population control because the seals were considered fish predators in conflict with commercial

and sport fisheries. Since the termination of the harbor seal bounty program and the passage of
the Marine Mammal Protection Act in l9T2,harbor seal numbers in Washington and Oregon have

increased (Jefties 1985, Brown 1997).
The timing of ha¡bor seal pupping follows a cline along the west coast ofNorth America,

with pups born earlier south to north from Mexico to Canada (Bigg 1973,Bigg and Fisher 1975).

In Washingoq the timing of pupping is complicated by variability within the state: a slightly
earlier (2 weeks) pupping in the coastal estuaries than along the coast, a considerably later
(2 months) pupping in the inland waters (San Juan Islands, Strait of Juan de Fuc4 Eastern Bays,

and Puget Sound), and an extended pupping season from August until January in Hood Canal.

Based on geography and timing of pupping, Washington State was divided into six regions for
aerial survey assessment: l) coastal estuaries, 2) outer Olympic Peninsula coast, 3) Strait of Juan

de Fuca and San Juan Islands, 4) Eastern Bays, 5) southern Puget Sound, and 6) Hood Canal

(Fig. l). There are 319 known harbor seal haulout sites in Washington. Because of the
differences in pupping phenology, the time constraints of the low tide window, the large number
of harbor seal haulout sites, and distances between haul out sites in Washington, aerial surveys

were partitioned by pupping phenology and by region (Table l). Harbor seals on the Oregon
coast and in the Columbia River were surveyed by the Oregon Department of Fish and Wildlife
(ODFW) between late May and early June @rown 1997).

Methods

Aerial surveys were flown at low tide in all regions except Hood Canal where mo<imum
numbers of seals haul out at high tide (Calambokidis et al. 1979). Two to four surveys were
flown in each region during the pupping season. Low regional counts due to incomplete surveys,

disturbance, weather, or unknown causes were discarded. Low regional counts were defined as

counts that were >25yo lower than other regional counts in 1996.

Surveys of all known haulout sites were flown during the identified period of peak
pupping at the coastal estuaries (Stein 1989), outer Olympic Peninsula coast (Moss 1992), Strait
of Juan de Fuca @veritt 1980, Gearin 1979), and Hood Canal (Calambokidis et al. 1984).

Multiple flights were scheduled for each "tidal window" to compensate for bad weather. Some

flights were canceled or incomplete because of bad weather. At each haulout site, photographs

were taken as well as a visual estimate ofthe total number of animals hauled out, including pups.

Surveys were flown in a single engine, high-winged airplane (Cessna 172,782, or 185) at

800 ft altitude at 80 knots from 2 hrs before low tide to 2 hrs after low tide. Photographs were
taken with an SLR 35 mm hand-held camera equipped with a 70-210 mm zoom lens and
polarizing filter using Kodak High Speed Ektachrome film (ASA 200 or 400). The primary
observer (right front seat) estimated the total number of animals and photographed sites, the
secondary observer (right rear seat) recorded sites, estimates and comments. Small gfoups
(125 seals), which were possible to count accurately from the plane, were not necessarily

photographed.
Photos from the aerial surveys were projected onto a whiteboard in the laboratory and a

mark was made for each animal to prevent under- or overcounting. Photo counts were repeated
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at least fwice to ensure accuracy. Similar methods were used in Oregon surveys and are

described in Brown (1997).

Data Analysis
Muitiple surveys were attempted in all regions. Mean (X), Standard Error of the mean (SE

(x)), Coefficient of Variation (C,V. : SE(x)/x ), and 95% Confidence Intervals (C.L) were

determined for counts.
The state-wide mean total of harbor seals in Washington \ilas calculated by summing the

means from all survey regions. The state-wide SE (1) for each year was calculated by summing

the squares of the SE (x) for each survey region and taking the square root of the sum. The 95%

C.I.s were computed using the log normal distribution. Brown (1997) did not conduct multiple

counts for seadin Oregon. Rather than assume no variability in the Oregon counts, we chose to

use the morimum CV based on a single count (SD(x/X) from the coastal Washington counts as

the CV for the Oregon count.

The annual rates of increase for the Washington and Oregon coastal stock and the

Washington inland stock were determined by regressing the natural logarithm of the number of
seals counted against time. The slope of the regression line provides the instantaneous rate of
increase (r), which is converted to the annual rate of increase (R) by the relation e'where e is the

base of the natural logarithm.

Results

Between June and September 1996, complete surveys were flown on 17 days for a total of
87 hrs of flight time in Washington (Table l). Counts from all regions in Washington totaled

21,820 harbor seals (Table 2). When these counts \ilere divided between the two stocks in

Washington, there were 10,685 seals counted in the coastal stock and 11,135 seals in the inland

waters stock. Adding 1996 ODFW survey data on harbor seals in Oregon from Brown (1997)

resulted in a count of 17,106 harbor seals in the combined Washingon/Oregon coastal stock.

Between 1983 and 1996, the annual rate of increase for the Washington and Oregon

coastal stock was a% Fig.2); for the \ffashingfon inland stock during the same time period, the

annual rate of increase was 6% (Fig.3). In looking at the rates of increase of the two stocks in

more recent years (1991-96), there were profound differences. There \ilas an annual decrease of
1.6% (t:3.25ip : 0.083) in the Washington and Oregon coastal stock (Fig. 4) and an annual

increase of l}Yo (t : 5.28; p = 0.034) in the Washington inland waters stock @ig. 5).

Using the correction factor of 1.53 to account for seals in the 'ìA/ater during surveys Qluber
1995), the total estimate for seals in the inland waters was 17,036 seals. The 95% CJ. around the

total estimate for the inland waters stock was 14,853 to 19,540 seals. For the Washington and

Oregon coastal stock, the corrected estimate was26,172 seals with a95o/o C.I. of 22,946 to

29,853 seals.
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I)iscussion

From 1983 to 1992 (Ihe last survey covered by MMPA funding prior to the 1996 survey),

the a¡nual rate of increase \¡/as 7 Vo lor the coastal stock and 8%o for the inland stock. With the

most recent set of surveys, the rate of increase since 1983 declined to 4yo for the coastal stock

and 6Yo for the inland stock. For the coastal stoclg peak counts occurred n 1992 when 78,667

seals were counted compared to 17,106 seals counted in 1996. Since 1991, the coastal stock has

declined 1.6% annually which is consistent with a population in equilibrium. For the inland stocþ
peak counts occurred in 1996 when I1,135 seals were counted. Since 1991, the inland stock has

increased l0% annually.
The reason for the difference between the two stocks is unknown. A separate analysis of

the Oregon data (from 1988 to 1996 the average annual rate of increase ì¡ras 0.3%) indicates that

state-wide counts may be approaching equilibrium @rown t997). The higher increase in the

inland r¡/aters stock may be a result of seals from the boundary \uaters of the Strait of Georgia

moving into the San Juan Islands area. It is also possible that the difference may be related to
changes in haulout behavior ofthe two stocks of seals. Speculation on what could have caused

changes in the haulout behavior include increased number of seals in the water during surveys

because of increased disturbance or because of reduced food availability necessitating longer

foraging periods or some other unknorryn reason.
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Table l. Regional aerial surveys of ha¡bor seals in WashinglorL 1996.

DATES

Coastal Estuaries June 4.5.6

Peninsula Coast June 18. 19.20

San fuan Islands and Strait of Juan

de Fuca

Hood Canal
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Table2. Peak count, -E SE (x), and CV of harbor seal counts in each census region in Washingtor¡ 1996.

CENSUS REGION

Coastal Estuaries:
Willapa Bay

Harbor*

Peninsula Coast

Strait and SII:
Strait of Juan de Fuca

San Juan Islands

Eastern

South Pu Sound

Hood Canal

on total

total

* Utilized largest CV of Washington coastal sites to construct CV for Oregon count.

0.02

0.02

0.00

0.02

0.03

0.04

0.01

0.05

0.01

0.04

6 June

6 June

3,191

21,820
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Figure l. Regional survey sites for harbor seals in Washington.
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Abstract

In 1996, to investigate harbor seal (Phoca vitulirn) life history parameters, we captured harbor

seals at Gertrude Island in south Puget Sound and at Boundary Bay in north Puget Sound. Blood
samples from 116 seals were screened for presence of Phocine Distemper Virus (PDÐ,
leptospirosis, and brucellosis. An additional 25 samples from 1994 and 59 samples collected in
1995 were analyzed for a total of 200 samples from south Puget Sound. Results were negative

for PDV and leptospirosis. Twenty-four percent of the samples screened tested positive or
suspected positive for Brucella. All 20 samples from north Puget Sound were negative for
leptospirosis and brucellosis, but they were not tested for PDV.

In south Puget Sound, 55 seals were tagged and branded in October 1995, bringing the total of
permanently marked seals in Puget Sound to 160. Sixty percent of these seals were resighted in
the first year compared to 7I%o resighted from seals branded n 1994 and 85%o resighted from
seals branded in 1993.

The total number of harbor seals and the number of pups \¡/ere counted at four sites in south

Puget Sound. During the pupping seasorL approximately 500 seals used Gertrude Island

(including about 110 pups), approximately 100 seals used Eagle Island (including about 10 pups),

and approximately 400-500 seals used Woodard Bay (including more than 100 pups). No pups

were observed at Commencement Bay which was used primarily by adult males and subadult

seals. The first full-term pup was observed on Gertrude Island on 2 July 1996. Monthly mean

counts at Gertrude Island varied from 194 to 548 seals; numbers peaked during the pupping

season and were lowest during the winter. CVs of monthly mean counts were < 0.1.

Introduction

Life history theory predicts that parameters such as survival, recruitment, and female

reproductive success differ between an increasing population and a stable, unharvested



population. Changes in life history parameters have been proposed as a way to infer the status of
a population relative to OSP. However, to date, an adequate time series of life history data has

not been available to undertake such an analysis for harbor sals (Phoca vitulirn). Information on

life history pararneters can be obtained from observational studies of permanently marked animals

or from the collection of reproductive tracts and teeth of dead seals. Up to 700 ha¡bor seals have

been tagged in Puget Sound since the early 1980s and permanent marking of harbor seals in south

Puget Sound began in 1993. To date, 160 harbor seals have been branded. Thirty-four percent of
the branded seals are of known-age.

Survival of harbor seals can be affected by disease in the population such as Phocine

Distemper Virus (PDÐ which caused a massive seal die offin Europe in 1988. Reproductive

failure can be caused by diseases such as leptospirosis or brucellosis. Screening for evidence of
these diseases gives information on baseline health of the population and on elements which can

affect life history parameters.

Originally, this project proposed to compare information on life history parameters

obtained from observational studies in south Puget Sound with information on harbor seal life

history parameters gathered from seals taken in the tribal harvest in Washington. However, no

tribal harvest ofharbor seals occurred in 1996.

Methods

In 1996, ha¡bor seals were captured at th¡ee sites in south Puget Sound (Gertrude Island,

Woodard Ba¡ and Eagle Island) and at one site in northern Puget Sound @oundary Bay) using

the beach seine technique developed by Jeffiies et al. (1993), allowing large numbers of seals to
be caught at one time. After the seals were removed from the capture net, they were placed in
individual hoop nets where they remained until they were physically restrained for handling. Seals

were tagged, weighed, measured, branded, had blood drawn for disease screening, and then were

released. Age classes were defined as follows: lanugo, pup with lanugo coat present þremature);
newborr¡ pup with umbilical cord present (l-4 days old); nursing, pup still dependant on female

for nutrition (5 days-5 weeks); weaned, pup nutritionally independent (5 weeks to I year);

yearling, I to 2 years old; subadult, 24 years old; and adult, 4+ years old.

Blood Screening
Ten to 30 ml of blood were taken from each animal. Blood was spun down and serum

was screened for PDV, leptospirosis, and brucellosis. Testing for PDV was done by the U. S.

Department of Agriculture @lum Island, N.Y.), testing for leptospirosis and brucellosis was done

by the Washington State Department of Agriculture (Olympia" WA), histopatholog'y was done by

NW ZooPath (SnohomislU WA), and general diagnostics were done by Phoenix Central

Laboratory @verett, WA). Heparinized whole blood was also taken and frozen. It is being held

pending funding for future Bntcella cultures from seals with positive Brucella titres.

Serum samples were tested for PDV by the microtitre neutralÞation test for antibodies to
PDV. The sample was considered negative if the neutralization dilution was < l:40.
Leptospirosis was screened using microscopic agglutination tests for six different Leptospira

antigens (L. griptotyphosa, L. canicola, L. pomono, L. hardio, L. icterohemonhagiae, L. serio).
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Results were considered negative if titres were ( 1:400. Bntcella lvas screened using Brucella
abortus antigens on BAPd Ca¡d, Rivanol, and Compliment Fixation tests. Titres were

considered positive ifthe results were BAPA positive, Card positive, and Rivanol > +25. Titres

were considered suspect if at least one test was positive.

Ground Counts
Harbor seals were counted at four sites in south Puget Sound (Gertrude Island, Eagle

Island, Woodard Bay, and Commencement Bay). In all areas, seals were counted when maximum
counts were expected. At Gertrude Island and Eagle Island the ma¡<imum number of seals are

ashore during low tide. At Woodard Bay, the seals haul out on wooden floats which are available

at all tides but maximum numbers appear in late afternoon. At Commencement Bay, seals haul

out on log booms which are also available at all tides. Marcimum numbers occur there when
disturbance is low (early morning or after 4 pm). Counts were made ofthe total number of seals

present; in additioq pups were counted when they were distinguishable from non-pups (from birth
until about 3 months) between July and mid-October. Seals were counted at Gertrude and Eagle

Islands at least 2-3 times per week during the breeding season and2-3 times per month during the

rest of the year, weather permitting. Seals were counted at Woodard and Commencement Bays

at least twice a month during the breeding season and opportunistically during the rest of the year.

Brand and Tag Resighting
We concentrated our resighting effort oftagged and branded seals during the breeding

seasor¡, but observations were made every month of the year. Observations at Gertrude Island
were made with binoculars or 30-60X zoom telescope from points 60 nL 150 m, or 200 m from
the seals. Identification of individuals at Gertrude Island was made using brand, tag number and

color, unique color combinations of streamers attached to tags, or some combination of the three
methods. Observations at the other sites were about 400 m from the seals; consequently, few
individual identifications were made in these areas.

Results
Blood Screening

From 1994 to 1996, blood samples were taken from 200 individual seals during captures.

Of these, 25 samples were collected in 1994, 59 samples in 1995, and I 16 samples in 1996.

Phocine Distemper Virus: Serum from24 adult and subadult harbor seals from south Puget Sound

were tested for PDV. Results of all tests were negative (Table l) although nearly one-half of the
samples (10/24) had titre ratios of l:20. Low titres like this may be an indication that the animal

was exposed to PDV in the past or may be a cross reaction to another virus.

Leptospirosis: Serum from 200 harbor seals of all age classes were tested for antibodies to five
Leptospira antigens. Results of all tests r¡/ere negative (Table 2) although about one-third of the
samples (70/200) had titre ratios of l:100 against the Leptospira griptot¡tphosa antigen Low
titres may be an indication that the animal \r'as exposed to Leptospirosis in the past or may be a
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cross reaction to another bacterium. None ofthe 20 samples from northern Puget Sound had

titres against any Leptospira antigen

Brucellosis: Serum from 200 seals of all age classes were tested by four methods for antibodies to

Bntcella abortus. Nearly one-fourth (48l2OO') of the samples had positive or suspect titres (Table

3). The age classes with the highest proportion of positive/suspect titres were yearlings (age l-2
years) and subadults (age 24years) with 68% (15/22) and 52% (l4l2l), respectively (Table 4).

Age classes with the lowest percent of positive/suspect titres were adult females and nutritionally

dependent pups with 0 and 3% (lt3}), respectively (Table 4). None ofthe 20 samples from north

Puget Sound had titres against B. abortus antigens (WDFW data).

Ground Counts
Ha¡bor seals were counted at Gertrude Island, Eagle Island, Woodard Ba¡ and

Commencement Bay throughout the year but observations were concentrated during the pupping

season (July to October) when two-thirds of the counts were made. Seals were counted on more

than 40 days at Gertrude and Eagle Islands and on l1 to 12 days at Woodard and Commencement

Bays (Table 5). Up to 714 seals were seen at Gertrude Island and up to 608 seals at Woodard

Bay where the maximum number of pups seen at each location was 133 and 147, respectively

(Table 5). Because there is movement of seals between sites, these counts are not cumulative.

During the pupping seasor! approximately 500 seals used Gertrude Island where about I l0 pups

were born" approximately 100 seals used Eagle Island where about l0 pups were bon¡ and

approximately 400-500 seals used \iloodard Bay where more than 100 pups were born. No pups

have been observed at Commencement Bay which is used primarily by adult male and subadult

seals. The first pup was observed on Gertrude Island on 2 July 1996. Pupping probably begins at

the end of June at Woodard Bay; 43 pups were present when observations began on 3 July.

Monthly msan counts at Gertrude Island varied from 194 to 548 seals; numbers peaked during the

pupping season and were lowest during the winter (Table 6). CVs of the monthly mean counts

were ( 0.1 (Table 6).

Brand and Tag Resighting
Between 9 and 25 October 1995, 55 harbor seals were branded on Gertrude Island (Table

7). In the first year after branding, 85% (33139) ofthose branded in 1993, 7l% (47166) of those

branded in 1994, and 60Yo (33155) of the seals branded in 1995 were resighted (Table 7). As

expected, the number of resightings was related to agelsex class (Tables 8, 9, l0). Of the adult

males branded in 1995, T3Yowere seen in the followingyear compared to 60yo ofbranded adult

females, 59Yo ofbranded juveniles, and 469/.o ofbranded pups (Table l0). During observations in

the 1996 breeding sear¡on (2 July 1996 to 17 October 1996),60% (971160) of seals branded in

lgg3-95 were observed. Forty-four branded females (25 observed pregnant or with pups) and 53

branded males were seen. An additional 17 tagged (but not branded) females \¡/ere seen pregnant

or with pups. Individuals were resighted from I to 16 times. Two females tagged as subadults in

1993 gave birth for the first time in 1996. At least 3 tagged seals have given birth every year

since 1993 and75% of the branded females which gave birth in 1995 also gave birth in 1996.
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Discussion
Blood Screening

Harbor seal blood serum was screened for several pathogens to determine the baseline

health level of the population. Beginning in the late 1980s, WDFW screened seals at Gertrude

Island in south Puget Sound for a variety of diseases, including San Mguel Sea Lion Virus,

influenz4 leptospirosis, and PDV. The results of all tests were negative (WDFW data). PDV has

never been observed in Washington but there is concern about this disease because ofthe massive

die offs of harbor seals, grey seals, and Baikal seals that have occurred on the Atlantic coast, in
Europe, and Eurasia (Thompson et al. 1992). There is added concern because recent testing

shows evidence of titres against PDV antigens in ha¡bor seals in southeast Alaska and the Gulf of
Alaska (Lewis 1995). Screening for leptospirosis and brucellosis is important because both

diseases can cause reproductive failure which could affect harbor seal life history parameters.

Testing for Brucella in seals was first conducted in the United Kingdom in l99l as a result of the

massive PDV die offin 1988. Positive cultures were found in several species of marine mammals

in the North Sea" including harbor seals @oss et al. 1996). Because of this, WDFW and NMML
began testing for Brucella titres in 1994.

Phocine Distemper Virus: Because no evidence ofPDV was found in the populationo we
recommend that screening for PDV occur once every 3 years unless there is an increase in
unexplained harbor seal mortalities.

Leptospirosis: Some background testing for leptospirosis in harbor seals in Washington has been

done in the past, but this was the first study of significant numbers of animals. Low levels of titres
(< l:400) were found in one-third of the seals tested. Most of the titres were against Z.

gripptotyphosa antigens. L. gripptotltphosa is the primary causative agent for leptospirosis in
terrestrial wildlife. Clinical evidence of the disease has not yet presented itselfl, although positive

titres have been found in moribund harbor seals in Washington State (WDFW data). Positive

titres againstL. pomona antigens and clinical manifestations of the disease have been found in
other ÏVest Coast pinnipeds (California sea lions and northern fur seals). L. pomona isthe
primary causative agent for leptospirosis in domestic livestock. The recommendation is to
continue testing for leptospirosis annually to monitor for any increases in the level of titres or
increases in reproductive failure.

Brucellosis: This is the first time positive titres have been observed in West Coast pinnipeds.

Positive cultures have been isolated from four dead harbor seals in south Puget Sound. Positive

titres have also been observed in California sea lions and harbor porpoise from Washington State

(WDFW data). Little is known of this disease in pinnipeds. Gertrude Island is an ideal location to
describe this disease (i.e., pathology, increases in abortion rate, and decreases in natality) because

the seals are of known reproductive history and observations are made frequently at this site.

Annual screening is recommended as well as increased observation prior to full-term pupping.
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Ground Counts
The total number of harbor seals and the number of harbor seal pups appears to be stable

over the past 5 years in south Puget Sound (WDFW data). Since 1991, ha¡bor seals have begun

using Commencement Bay more frequently and in greater numbers. The log booms at

Commencement Bay are part of a commercial operation; consequently, seals are disturbed there

frequently during business hours. South Puget Sound is heavily used by recreational boaters who

carcause some disturbance when seals are on land. However, the major haul out at Gertrude

Island is within the purview of the State Prison at McNeil Island which keeps disturbance from

boaters at a minimum. In the past, disturbance from coyotes at low tide has been noted

periodically. A new form of disturbance at Gertrude Island was noted in 1996. At extreme low
tides, deer cross from McNeil Island to Gertrude Island. The presence of deer on the beach or the

sound of deer moving through the undergrowth causes the seals to move into the water.

Brand and Teg Resighting
The 1996 breeding season is the third year of resightings of branded harbor seals. There

are some interesting differences among the years. The percent of animals resighted in the first

year has declined from 85% for seals branded in 1993 to 60Yo for seals branded in 1995 (71% of
seals branded in 1994 were resighted in the first year). When resights were analyzed according to

agelsex categories, for seals branded in 1993 and 1994, the highest proportion of resights was of
adult females and pups, with 80 to 100% of those age categories resighted in the first year;

whereas 70 to 80%o ofjuveniles and 50 %o of adult males were resighted. In 1996, adult males

were the most frequently resighted category Q3%) and pups the least frequently resighted

category Ø6%). The reason(s) for these differences is unknown and may be associated with
interannual variation in haulout patterns which could be related to food availability, or to
disturbance.

The number of marked animals and the history ofthose animals is increasing each year.

Twelve branded females gave birth in 1995 and25 branded females gave birth in 1996. Seventy-

five percent of the branded females which pupped in 1995 also pupped in 1996. Three females

marked as adults have been observed with pups in th¡ee consecutive years and two females

branded as subadults in 1993 gave birth for the first time in 1996. As the number of branded

animals of known-age and known-history increases, we will be able to answer questions about

recruitment, natality, and survival of harbor seals in south Puget Sound.

100



Cit¡tions

Jefties, S. J., R. F. Browrq and J. T. Harvey. 1993. Techniques for capturing, handling and

marking harbor seals. Aquat. Mamm. l9:l2l'25.
Lewis, J. P. 1995. Investigations of harbor seals in Alaska. Final report for NOAA contract

N437FX0142. Report available from Alaska Dept. Fish and Game, 333 Raspberr),Rd.

Anchorage, AK 99518. 24+P.

Ross, H. M., K. L. Jahans, A. P. MacMllarq R. J. Reid, P. M. Thompsor¡ G. Foster. 1996.

BruceIIa species infection in North Sea seal and cetacean populations. Vet. Rec.

738:647-648.
Thompso4 P. M., J. C. Cornell, H.M.Ross, and D. Mller. 1992. Serologic study of phocine

distemper in a population of harbor seals in Scotland. J. \f/ildl. Dis. 28:l2l-27.

l0l



Table l. Age and sex of harbor seals screened for Phocine Distemper Virus (PDÐ in south Puget

Sound, Washingfon by year, 1995-96 (see methods section for definition of age classes).

Positive tititres ve rtres

Yea¡ Age class n Female Male Female Male

1995 Subadult l0 5 5

1996 Subadult l0 5 5

Adult 4 4

Total 24 l0 t4 0 0
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Table 2 . Age and sex of ha¡bor seals screened for leptospirosis in Washington by year, 1994-96
(See methods section for definition of age classes).

Neeative titres (<l:400) Positive titres (>l:400

Yea¡ Age class n Female Male Female Male

1994 Weaned pup 9 J 6

Yearling 2 I I

Subadult 2 2

Adult t2 9 J

Total 25 t5 10 0 0

1995 Weaned pup 22 9 13

Yearling 5 J 2

Subadult t7 5 t2

Adult l5 6 9

Total 59 23 36 0 0

1996 Lanugo J I 2

Newborn l0 6 4

Nursing t7 8 9

Weaned pup 22 9 13

Yearling 15 9 6

Subadult 8 3 5

Adult 4l 7 34

Total 116 43 73 0 0

Summary Total 200 81 119 0 0
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Table 3. Age and sex of harbor seals screened for Brucella in south Puget Sound by year, 1994-96 (see methods for definition of
age classes).

Neeative titres Suspect ti Positive titrestltres titres

Year Ase Class n Female Male Total Female Male Total Female Male Total

1994 \{eaned pup 9 3 6 9

Yearlins 2 I 1 I I

Subadult 2 2 2

Adult t2 9 3 t2

Total 25 l4 9 23 I I I I

os

1995 Weaned ouo 22 7 ll l8 2 2 4

Yearlins 5 I I 2 2 4

Subadult t7 I 4 5 2 3 5 2 5 7

Adult l5 6 4 l0 5 5

Total 59 t4 19 33 5 l0 l5 4 7 ll

1996 Lanugo 3 I 2 3

Newborn 10 6 4 l0

Nursine l7 8 I l6 I I

Weaned oup 22 6 1l t7 2 2 4 I I

Yearline l5 5 2 7 4 4 I
Subadult 8 3 3 6 2 2

Adult 4l 7 30 37 I I 3 3

Total ll6 36 60 96 2 6 8 5 7 t2



Table 4. Summary of harbor seals screened for Brucella in south Puget Sound, Washingtor¡ 1994-96 (see methods for definition of
age classes).

trtres titres Positive titres

Ase Class n Female Male Total Female Male Total Female Male Total

Lanugo 3 I 2 3

Newborn 10 6 4 l0

Nursins t7 I 8 16 I I

Weaned ouo 53 l6 28 44 4 4 8 I I

Yearline 22 5 2 7 2 2 6 7 l3

Subadult 27 6 7 13 2 5 7 2 5 7

Adult 68 22 37 59 6 6 3 3

Total 200 64 88 t52 8 t6 24 9 l5 24
o(..t



Table 5. Summary of ground counts of harbor seals in south Puget Sound, 1996

Table 6. Monthly mean counts of harbor seals at Gertrude Island, Washingon, 1996 (counts

affected by disturbance are not included).

A¡ea Number
ofcounts

Date of
maximum
total count

Maximum
total count

Date of
maxlmum
pup count

Maximum
pup count

Gertrude Island 46 16 Sep 96 714 03 Sep 96 t33

Eagle Island 4L 08 Nov 96 214 24 Sep 96 l2

Woodard Bay il 16 Aug 96 608 0l Aug 96 t47

Commencement Bay t2 03 Oct 96 105 0

Month n mean number of seals SE CV

January 3 2t2 192 0.09

February I r94

March 2 228 t4 0 001

June I 229

July 4 319 t75 005

August 7 408 94 0.02

September 7 548 ll9 0.02

November 3 302 24 1 0.08

December 287
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Table 7. Resightings of harbor seals branded 1993-95 in south Puget Sound. Resightings are

from October I to September 30 each year.

BRAI.IDED RESIGHTED

Year Number 93194 94195 95196

93 39 33 22 l8

94 66 47 25

95 55 JJ

Total r60

Table 8. Summary of resightings by agelclass for harbor seals branded in 1993 in south Puget

Sound. Resightings are from October 1 to September 30 each year.

AGE/CLASS BRANDED 93t94 9419s 9s196

Adult male I 0 0 0

Adult female 5 5 4 3

Juvenile l7 t4 l1 ll

Pup t6 14 (includes 2

dead)

7 4
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Table 9. Summary of resightings by agdclass for ha¡bor seals brandedn 1994 in south Puget

Sound. Resightings a¡e from October I to September 30 each year.

AGE/CLASS BRA}.IDED 93194 9419s 9s196

Adult male 17 9 3

Adult female l5 t2 8

Juvenile 23 16 1l

Pup l0 l0 (includes 4
dead)

3

Table 10. Summary of resightings by ageiclass for harbor seals branded in 1995 in south Puget
Sound. Resightings are from October I to September 30 each year.

AGE/CLASS BRAI.IDED 93194 94195 95196

Adult male 15 11

Adult female 5 J

Juvenile 22 l3

PuP 13 6
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PINI\TIPED PREDATION ON ENDANGERED SALMONIDS IN IVASHINGTON ANI)
OREGON : HARBOR SEAL FOOD HABITS ON THF COLIIMBIA RfVER

Patience Browne, Robert L. Delong, Harriet R. Huber, and Jeftey L. Laake

National Ma¡ine Mammal Laboratory
Alaska Fisheries Science Center, NMFS, NOAA

7600 Sand Point Way NE
Seattle, Washington 98 I 15

Introduction

Increases in California sea lion (hlophus californianas) and harbor seal (Phoca vitulina)
populations in Washington and Oregon have coincided with decreases in \ /ild salmon in these and

other western states. Declines in salmonids have resulted in the recent listing of Columbia River
spring and fall chinooþ coastal Oregon coho, and Snake River sockeye salmon as endangered or
threatened. In response to this issue, the National Marine Mammal Laboratory NNA/fl,) began a

project to quantify pinniped predation on salmonids in the Columbia River.
California sea lions, harbor seals, and Steller sea lions (Eumetopias jubatus) are present in

the Columbia River and potentially prey on salmonids. California sea lions are present in the

lower river system during spring and fall and haul out in the vicinity of a fish processing plant, but
predation on salmon was not quantified because they potentially feed on the efluent which
includes sockeye and chinook salmon carcasses. Steller sea lions are rarely seen in the Columbia
River and only haul out near the river mouth. The impact of Steller sea lions on Columbia River
salmon is assumed to be negligible. Harbor seals, the most abundant pinniped in the lower
Columbia River, haul out in numbers exceeding 1,000 at Desdemona Sands, a sand bar that is

accessible at low tide. Investigations of pinniped-salmonid interactions focused on harbor seals

and their potential impact on the spring/summer and fall chinook salmon.

Methods

During 1994,1995, and 1996, harbor seal scat samples were collected from Columbia

River haul-out sites. Scats were collected intermittently during 1994 and 1995, and regular

sampling began in 1996. From Desdemona Sands, we attempted to collect 50 harbor seal scats

every 2 weeks at extreme low tides from March through August 1996, coinciding with spring and

fall chinook salmon runs on the river, Scats were transported back to NMML and frozen until
processing. At that time, scats were thawed, rinsed in nested sieves, and all hard parts were dried

for later identification. Otoliths were identified to lowest possible tÐ(on, sided leff/right,
enumerated, and length \¡/as measured. Other hard parts (teeth, vertebrae, skull bones, etc.) were

identified to lowest possible tÐ(on and a rough estimate of minimum number was estimated from

unique structures when possible. Species-specific frequency of occulrence was computed as the

number of scats containing a prey species divided by the total number of scats containing some
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identifiable hard parts. Frequency of occurrence tvas computed from identifications based on

otoliths, bone, and from bone and otoliths combined.

Results

Due to inclement weather and low numbers of seals early in the collection period, our

target sample size of 50 scats was not always attained (Table l); however, ìile u/ere able to collect

50õ scats in 1996 in addition to 88 scats collected in 1994 and 280 in 1995 to characterize the

diet of harbor seals for the lower Columbia River. Over 30 prey tÐ(a have been identified,

thouglq harbor seal diet can be charactenzed by about l0 common prey tæ<a having a frequency

ofoccurrence greater than 5-10% (Table 2).

Salmonids were ranked tenth relative to other prey species in the harbor seal diet (Table 2)

with frequency of occurence at ll.4yo for bone and otolith and 4.6% for otolith only. The

overall frequenry of occurrence is somewhat misleading because it did not adequately reflect

temporal variability of salmonids in the Columbia River. When sampling periods were divided

intospring (samples collected prior to 15 MÐ, summer (samples collected between 16 May and

lO Juþ), and fall (samples collected after 15 AuguÐ, reflecting timing of chinoot salmon runs,

frequJácy based on bone and otolith increased to about 20Yo dunngthe spring, decreased to

about 7Yo durngsummer, and increased again in fall to about 18% (Table 3). Over 60Yo of scats

were collected during the summer sampling period when the frequency of occurrence ofjuvenile

and adult salmon in harbor seal diets was lowest (Table 3), decreasing the overall frequency of
occu¡rence. Ha¡d parts ofjuvenile salmonids (smolts) occurred more frequently than adult

salmonids (including jacks) in scats except during the fall period (Table 3). Species identification

of salmonid hard parts recovered from scat is ongoing. However, preliminary data indicated most

salmonid otoliths were from smolts, and of those,40%o were chinook,26.7%owere

steelhead/cutth¡oat, 23.3%were sockeye, and l}%owere coho. Steelhead and cutthroat smolt

otoliths were not distinguishable.

Discussion

Frequency of occurrence provides a relative measure of prey taxa but does not provide a

measure of the impact of that predation upon the prey. Estimates of species-specific prey biomass

consumed by harbor seals require additional data and assumptions. At present, we have not

estimated harbor seal consumption of salmonids because previous biomass models do not account

for prey remains other than otoliths. Before all of these data can be included in consumption

estimates, we must modify traditional models.

Estimates of salmonid consumption from food habits data derived from scats require the

following components (Table 4):

l) abundance: number, age and sex composition of harbor seals present in the Columbia River

through time,
2) energetics: age- and sex-specific daily energetic requirements (kgld)' and

3) prey consumption: species-specific biomass estimates of prey consumed infened from prey

remains recovered from scats.
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To estimate harbor seal abundance in the Columbia River, we have conducted aerial

surveys of haul-out sites during low tide (WDFW unpubl. data). Counts must be corrected for
the proportion of seals not hauled-out at the time of the survey. A correction factor of 1.53 to
account for the proportion not hauled-out has been derived for harbor seals in the state of
Washington Qluber 1995), thouglr, this state-wide correction factor may not be appropriate for
the Columbia River. In 1997, we radio-tagged and marked seals to estimate a site-specific
correction factor from aerial surveys. When these data are analyzed, they will provide a more
appropriate correction factor for this site. Age and sex-composition of harbor seals cannot be
estimated from aerial surveys, so \ile assumed the following stable-age distribution:26%o 0-l year
(uvenile), 17% l-4 year (sub-adult), 3l% female greater than 4 years (adult), and 26Yo male
greater than 4 years (adult; Bigg 1969, Pitcher and Calkins 1979).

The age- and sex-specific abundance of seals is required to adequately model the total
energetic cost of maintenance for the Columbia River harbor seal population because energetic
costs vary by sex and age. We are using the following daily maintenance requirements: for
0-l year old seals, 1.80 kg/d; for l-4 year old sub-adults, 2.88kgld; for adult females, 2.79 kg/d;
and for adult males,2.92 kg/d (Innes et al. 1987, Olesiuk 1993).

Total prey biomass required to maintain the Columbia River harbor seal population can be

divided into species-specific prey biomass consumption estimates by apportioning total biomass
required for maintenance of the Columbia River harbor seal population to prey tæra determined
from scats. This requires estimating number and mass of prey consumed from hard parts. The
number of prey consumed can be determined from the count of otoliths in the scat and the mass

can be estimated from regressions of otolith length and standard length to mass (tlarvey et al.

in press). Otolith lengths must be corrected to account for reduction in length due to digestion.
Species-specific corrections can be used where available (Harvey 1989) and in all other cases,

otolith lengths can be corrected by an average correction factor. Estimated masses are averaged
for the subsample of otoliths measured. Average mass of the prey taxa is multiplied by the
minimum number of (left or right) otoliths from all scats to obtain the amount of biomass

consumed for each prey species. Species-specific consumption can be estimated as relative
biomass proportion of each prey species consumed, multiplied by the daily biomass requirement of
the harbor seal population and number of days in the sampling period (Table 4). Clearly, temporal
variability in prey selection will require stratifying the estimates by season (Table 3).

Estimates of prey consumption include several assumptions that may bias results if
violated. In particular, we will have to assume:

l) theoretical life-table sex- and age-structure represents the Columbia River harbor seals,

2) estimates of energetic costs are applicable, and

3) otoliths recovered from scats ¡ìre representative of the prey consumed.

Clearl¡ each of these will be violated to some degree and we are attempting to minimize

assumptions to reduce potential biases.

Using life-tables to predict sex- and age-composition could be completely inaccurate and

we have no reason to believe that harbor seals on the Columbia River during the breeding season

have a stable-age distribution. Though steadily increasing since 1978, aerial surveys conducted

during 1996 indicate a June ma,ximum of only 105 pups to 886 adult harbor seals (WDFW unpubl.

data). This proportion of pups is lower than those reported for other coastal estuaries. To better
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estimate biomass, age and sex composition of harbor seals on the Columbia River during su¡nmer

we would need to capture, sex, and measure seals. Another alternative is to use a relative sex-age

structure from a life iable for non-juveniles and proportion of pups observed during aerial surveys

to estimate the proportion ofjuveniles in the population. This should reduce bias because most of
the difference in energetic costs a¡e between juveniles and non-juveniles.

The model assumes a constant energetic requirement for the seal and does not account for

such activities as lactation and mating. Also, each prey species is assumed to provide a constant

amount of energy (kcaltlcg). Differential energetic values of adult versus juvenile fishes and

gravid and non-gravid fishes are not estimated.

Before reliable estimates can be generated, several pieces of data a¡e needed to better

model harbor seal biomass consumption. Regressions of otolith size to body mass need to be

generated for atl species of salmonids consumed by harbor seals on the Columbia River.

Although a few relationships between otolith length and fish mass of salmonids are published,

these morphometric regresiions have not been calculated for all species of salmonids. In additiorU

publishediegressions do not include sub-adult sÞe classes. Regressions of otolith length on fish

standard length and fish standard length to fish mass calculated for adult fishes do not work well

for juvenile size classes.

Traditional ma¡ine mammal food habits techniques have relied on otoliths for enumeration

and identification of prey species. Results of this study indicate that using only otoliths may

underestimate frequency of occurrence of most prey species by about two to three times, but

some species such as American shad, Sebaste.s spp., and gunnel may be underestimated by

berween l0 and 20 times (Table 2). While th.ese data illustrate the necessþ of incorporating hard

parts other than otoliths into food habits analyses, how to include bone into species-specific

biomass is unclea¡. Biomass estimates require an estimate of prey mass and it is difficult to

determine prey size from hard parts other than otoliths. For example, the most frequently

recovered hard parts for salmonids are teeth and gillrakers and these parts are difficult to

categorueby size. Harbor seals often feed on juvenile fishes seasonally inhabiting estuarine

systems. However, due to the small size, juvenile otoliths may be completely digested and not

rãcovered from scat. Mean mass of a prey tÐ(on may be based on mea¡¡urements of adult otoliths,

but then applied to the minimum number of individual prey consumed based on bone and otoliths

that repreiónt juveniles, and therefore overestimate the total biomass. Also, larger fish may have

a greater probability of being recovered (i.e., bones from one hening may be recovered from only

one scat, but bones from one adult salmon may be recovered from several scats, increasing the

probability of recovering salmon bone).
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Table l. Sampling date and number of harbor seal scats collected from the Columbia River haul

out from June 1994 through August 1996.

Sample Date # Samples
Collected

33

50

13

30

27

35

33

25

21

35

u
34

29

11

47

1

32

2

'12

3ô

18

24

55

55

51

43

35

8t29t96 60

6t23t94

7t10t94
3/5/95

5t3t95
5/18/95

5/19/95

6t14t95
6/15/9s
6/16/95
6NEß5
6r29ß5
7t14ts5
3t14t96

3t21t96

4t10t96

4t1Et96

5tzt96
5/3/96

5/8/96

5/30/96
5t31/96

6/18/96

6/1 9/96

7ø96
7nug6
8/1 5/96

8/16/96
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Table 2. Frequency of occurrence of prey identiñed to the lowest possible ta><on for 877 harbor

seal scats collected from Desdemona Sands between 23 June 1994 and 29 August 1996.

Frequency of occurrence r¡/aÍ¡ calculated by dividing the number of scats containing a particular
prey taxa (the number in italics) by the total number of scats with any hardpart recovered (877).

Minimum n is the minimum number of individuals of a prey ta¡ron based on bone structures, the
morimum number of left or right otoliths, or the greater of the two. Frequency of occurrence of
bone and otoliths of prey were ranked.

Prev BONE OTOLITHS BONE AND OTOLITHS

Fo9Ê minimum n FO96 minimum n FO% minimum n RANKS

river lamprey

hening 43.6 459 17.8 356 45.7 654 1

3E2 1æ tt01

staghorn sculpin 25.1 24 13.3 320 27 .E 456 2

220 117 2tU

Osmeriid spp. 14.3 4U 12.8 103 n2 49f¡ 3

125 112 177

starry llounde¡ 17.4 156 7.5 145 19.3 2Æ 1

169

17 .9 't59 5

157

northern anchovy 14.5 133 7.'l 279 15.7 23 6

127 62 138

shiner surfperch 13.'l 121 6.3 205 15.2 28'l 7

Pacific tomcod 10.8 95 4.4 æ 12.8 142 8

95 39 112

Anre¡ican shad 11.7 103 '1.3 l0 '12.4 l0S I
103 11 109

Salrpnid 10.'f 93 4.6 'l0l 11 .4 '16'l l0
89 Q 100

Salrnonid juvenile 6.2 54 3.6 91 7.2 12
54 32 63

Salmonid adult 4.2 37 1.0 11 4'4 39

37936

Sebastæ spp.

gunnel

9.5 æ 0.9 11 9.6 8E 11

E3EE4

9.4 U 0.2 2 9.4 65 12

822E2
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BONE

sandlance

Paciñc larnprey

rer solc

peamouth

hake

dove¡ ¡olc

Pleuronectid spp.

English sole

eulachon

speckled sanddab

squid

octopus

slender sole

plainlln rúdshipman

unidentilled fsh

8.0

70

7.1

62

6.2

u

5.8

51

3.4

30

2.5

22

tofl

L

l6

73

74

38

37

26

26

12

2.2

19

2.2

19

1.0

9

1.0

9

0.6

5

68

47

É

n

t8

21

't1

2.5

22

2.5

22

0.8

7

1.4

12

2.3

20

1.3

11

1.5

13

0.9

6

5l

47

27

't8

11

15

5.7

fi

5.4

47

3.1

27

2.1

18

1.3

11

1.7

15

0.1

1

l6

17',

18

l9

20

21

22.6

22.5

21

25

26

1l.6

102

102 72

0.5

1

0.1

1

I
70
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Table 3. Frequency of occurrence of salmonids in harbor seal scats collected from Desdemona

Sands between 26 July 1994 and 29 August 1996. Frequency of occurrence uras calculated by
dividing the number of scats containing salmonid hard parts (the number in italics) by the total
number of scats containing hardparts (877). Min n is the minimum number of individuals
represented by maximum number left of right otoliths, bone structures, or the greater of the two.
Data were analyzed for th¡ee time periods, corresponding to timing of salmon runs on the

Columbia River: Period I (samples collected before May l5), Period 2 (samples collected
between 16 May and 15 August), and Period 3 (samples collected after 15 August). Juvenile

salmonids (smolts) and adult salmonids (including jacks) were considered separately and together.

PERIOD 1 n=176 PERIOD2n=563 PERIOD3n= 138

FO% min n FOoi min n FOlo min n

Salmonid fiuvenile)
bone 15.3 27 3.5 20 5.0 7

otoliths 56.E 26 2.7 55 3.6 15

12155
bone & otoliths 7.16 45 4.1 67 7.2 10

31 23 10

Salmonid (adult)

bone 3.4 6 2.7 15 1 1 .5 16

61516
otolith 0.6 1 0.9 5 2.9 5

bone & otoliths 3.4 6 2.E 16 11.6 17

61616

Salmonid (all)

bone & otoliths 20.5 51 6.9 E3 18.1 27

25
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Table 4. Components and equations for computation of consumption es trmates.

Component Equation Symbols

Total population size (N¡

N=d
p

õ = average count ofseals hauled-out

p = average proportion ofseals hauled-out

Sex- and age-specific size (N)
No = NPo

a= I -juvenileseals(0-l yearold)
a = 2 - sub-adult seals (l-4 years old)
a=3 - adultfemaleseals
a=4-adultmaleseals
p. = proportion ofpopulation in the a6 sex/age class

Daily consumption requirement (B)
4

n = EcN,
a=l

C. = daily anergetic requirement (kg/d) for a6 sex/age class

a : l, 1.80 k{d, a=2, 2.88 kgld, a-3, 2.7 9 kgld, 14, 292 kúd

Average prey mass estimates for

speciesj (ú,\
iu=o¡*þ,O,,
ûr=a,*8,íf

c, and p, are generic species-specific regression coefficients

L,, and liír, = estimated lenglh and mass for iú otolith

S' : number of otoliths zub-sampled ùom q otoliths recovered from

Relative proportion of prey biomass
for species j ( p, ) pj

M.n.tl

L,,,,
i=l

q = number of otoliths recovered from scats

s = number of prey species identiñed in scats

Biomass of species j conzumed (B¡)
B, = BP.D

D = number ofdays
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Abstract

Minimum population estimates were obtained for harbor seals, Phoca vitulina richardsi, in the

Gulf of Alaska region along the south side of the Alaska Peninsula, Shumigan Islands, Cook Inlet,

Kenai Peninsula and the Kodiak Archipelago during August and September 1996. The mean

number of seals counted was 10,595 with a 95% confidence interval between 9,993 and I1,197.

The CV of the mean was equal to 2.9%. This represents an increase of 4,259 seals when

compared to the mean count from simila¡ surveys n 1992. However, at least 1,675 seals were

counted in areas not described in 1992. Aerial survey conditions tvere exceptionally good in
1996, unlike 1992. 

^t 
selected major sites (>100 seals) from all areas surveyed in both years, ll

of 20 sites increased and 7 decreased. The overall trend was positive. Approximately 846 more

seals (18%) were counted in 1996 at these 20 sites. Seal counts between 1992 and 1996 were

nearly identical in the fringe areas, but increased towa¡d the center of the range, the Kodiak

Archipelago. By far the largest increase occurred at Tugidak Island, which increased from 770

seals in 1992 to 1,345 in 1996. Seal counts at Tugidak Island, even though increasing, still

represent an80Yo decline over counts made in 1976.

Introduction

Declines in harbor seal (Phoca vitulina richardsi), abundance have been observed in

several locations throughout Alaska (e.g., Pitcher 1990). Recent amendments to the Marine

Mammal Protection Act (April 30,1994, Public Law 103-238) require the Secretary of
Commerce to reduce the overall mortality and serious injury to zero marine mammals caught

incidental to commercial fisheries by April of 2001. In order to evaluate the status of incidentally

caught marine mammals, certain key parameters a¡e required for each stock. These parameters

include an estimate of population size, its variance, and current takes by commercial fisheries and

subsistence hunters. The long-term objective of this study is to provide an estimate of the number

of harbor seals throughout Alaska and, where possible, determine current population trends.

In Alaska, harbor seals range from southeastern Alaska in the south to north of Bristol

Bay (to about 59T{;Frost et al. 1982). We have arbitrarily sub-divided the state into four regions

for census purposes. These are: southeastern Alaska" the Gulf of Alaska (from Prince William
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Sound to the Shumigan Islands), the Aleutian Islands, and the north side of the Alaska Peninsula

including Bristol nay. these regions roughly follow the putative stock management areas, but

logisticJ consideratíons \üere thi primaryfactor used for this delineation. The National Ma¡ine

fvfamm¿ Laboratory (NMML), with funding from the NMFS Office of Protected Resources, has

censused each of these four regions once between l99l and 1994 (Loughlin 1992 [Bristol Ba¡
Prince William Sound, and Copper River Deltal, Loughlin 1993 [Gulf of Alaska and Prince

William Soundl, Loughlin 1994 [Southeastern Alaska], and Withrow and Loughlin 1995

[Aleutian Ishnãs]. In order to provide current population estimates with low coefficients of
variation (CVs) and estimates of population trend, especially in are¿s of decline and neighboring

locations,'NltflVfl- began Phase II, are-census and evaluation of each of the four regions, in 1995.

The north side of the Alaska Peninsula and Bristol Bay was surveyed in 1995 (Withrow and

Loughlin 1996). This paper describes the results of ourcensus efforts in the Gulf of Alaska

regiõrL including the souih side of the Alaska Peninsul4 Shumigan Islands, Cook Inlet, Kenai
peninsula" and the Kodiak Archipelago in 1996. Prince William Sound was surveyed in 1996 by

the Alaska Department ofFish and Game and by John Burns (Living Resources, Inc.). NMML

also censused ihe Copper River Delta, Middleton Island, and Kayak Island in 1996 and results are

presented in this paper. '

Methods

Study Area
The study in 1996 consisted of seven aerial surveys. The first area was censused by M.

Beeson along the south side of the Alaska Peninsula and the Shumigan Islands from Cold Bay to

Kupreanof Pininsula (from 25 August to I September;Fig. l, see Table I for affiliations).

L. Lowry censused the south side of the Alaska Peninsula from Chignik Bay to Cape Douglas

Reef inciuding Semidi and Chirikof Islands (25-30 August;Fig. 2). K. Wynne and P. Olesiuk

surveyed the ãntire Kodiak Archipelago. P. Olesiuk surveyed Afognak Island and the northern

part offoaiak Island (25 August to 3 September;Fig. 3). K. Wynne censused the south side of
kodiak Island including Tugidak and Sitkanak Islands (28 August to 3 September;Fig. 3). B.

Matroney surveyed the north side of Cook Inlet from furchorage to Cape Dougil¿s (25 August to

2 September; Fig. 4). M. Payne surveyed the Kenai Peninsula (26 August to 2 September;

fig. a). J. Cesarone and D. Withrow surveyed the Copper River Delt4 Middleton Island and

fãV* Island (27 August to I September;Fig. 5). Table I lists the individuals, dates, and aircraft

used to survey each area.

Suruey Methods
Fixed-wing aircraft were used to photograph harbor seals while they were on land during

their fall molt; thiJ is the optimal period to estimate abundance because it is when the greatest

number of ha¡bor seals spend the greatest amount of time hauled out @itcher and Calkins 1979;

Calambokidis et al. l98Z). At locations that are affected by tides, harbor seals haul out in greatest

numbers at and a¡ound the time of low tide. Aerial surveys were arranged and timed such that

terrestrial haulout sites were flown within 2 hrs on either side of low tide, when available dayltght

and weather permitted. Initially, the enti¡e coastline was flown to determine the location of any

new ha¡bor sLal haulout sites as well as all known haulout sites. Subsequently, four to seven
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repetitive photographic counts were conducted for each major haulout site within each study area

over the 2 week survey period. We have determined that four or more repetitive surveys are

necessary to obtain estimates of coefficient of va¡iation (CV; standard deviation of the counts

divided by the mean count) less than 30%. Past surveys, where at least four or five replicates

were flown, have proven to be an effective way of counting the m¿ximum number of animals

(Loughlin 1992,1993;Pitcher 1989, 1990; Withrow and Louglrlin 1995).

Ha¡bor seals on land or in the water adjacent to the haulout sites were photographed with

35 mm camera¡¡ with a 7O-2lO mm or 35-135 mm zoom lens using ASA 400 color slide film.

Transparencies were later projected onto a white background and the number of seals counted. In
most cases, two counters scored the number of seals on the photog¡aphs for each area for each

survey day and the arithmetic mean was calculated for each site. The largest arithmetic mean

obtained for each area w¿¡s used as the minimum population estimate. Visual estimates of
abundance were also recorded at the time of the survey. Small groups of seals (generally less than

l0) were counted as the plane passed by (no photographs were taken), while larger grouPs were

circled and photographed.

Most surveys were flown at a survey altitude between 100 and 300 m (wind permitting) at

about 90 knots. Surveys were staged out of the following communities: Cold Bay, Larsen Bay,

Kodiah Anchorage, and Cordova.

Data Analysis
The morimum number of animals counted on one day for each site was accepted as that

site's minimum number of seals over the survey period. The maximum number for each site did

not occur on the same day, resulting in the possible double counting of some animals if they

moved from one major area to another. The number of seals moving between areas was assumed

to be small considering each area's large geographic size.

The mean and standard deviation (SD) of the mean \ilere calculated for each area.

Estimates of the number of animals hauled out during the survey were calculated by summing the

mean number of harbor seals ashore at each site. The CVs were calculated for all sites with fwo

or more counts. The SD for sites with only one count was estimated based on the maximum of
the calculated CVs of the mean (1.0 used in 1996) multiplied by the count for that site. The

variance of the total count for each area wa¡¡ calculated as the sum of the individual variances and

the SD of the mean count as the square root of that variance. This method of estimating the

expected total and its variance assumes that there is no migration between areas and that there

*.t no trend in the number of animals ashore over the survey period. The assumption that seals

did not move between arerrs may not be valid (as mentioned above) and a small number of seals

may have been counted fwice. All areas that could be surveyed u/ere censused, given weather and

safety constraints.
The exact location of each seal haulout was recorded and given an individual site number

(Table 2).
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Results

Aree 1 (South side of the Alaska Peninsula and the Shumigan Islands from Cold Bay to
Kupreanof Peninsula)
This a¡ea contained 46 individual sites. One to six replicate counts were recorded for each

site during the I day survey window. The maximum count of 2,130 harbor seals was obtained by

combining the ma<imum count for each area regardless of day censused. The sum of means was

I = 1,348 harbor seals (SD = 68.29), with a CV: 5.06% (Table 3).

Aree 2 (South side of the Alaska Peninsula from Chignik Bay to Cape Douglas Reef including

Semidi Islands and Chirikof Islands)

This a¡ea contained 56 individual sites. One to five replicate counts were recorded for
each site during the 6 day survey window. The m¿rimum count of 2,848 harbor seals was

obtained by combining the ma¡<imum count for each area regardless of day censused. The sum of
means was I = 1,852 harbor seals (SD :85.23), with a CV = 4.600/0 (Table 4).

Area 3 (Kodiak tuchipelago)
This area contained 79 individual sites. One to seven replicate counts were recorded for

each site during the l0 day survey window. The ma¡<imum count of 6,473 harbor seals was

obtained by combining the mo<imum count for each area regardless of day censused. The sum of
means was T :4,437 ha¡bor seals (SD = 156.43), with a CV = 3.53% (Table 5).

Are¡ 4 (North side of Cook Inlet from Anchorage to Cape Douglas)

This area contained 44 individual sites. One to seven replicate counts were recorded for
each site during the 9 day survey window. The mæ<imum count of 3,342 harbor seals was '

obtained by combining the mærimum count for each area regardless of day censused. The sum of
means was I- = 2,244 harbor seals (SD = 234.68), with a CV = 10.46% (Table 6).

Area 5 (Kenai Peninsula)

This area contained 16 individual sites. One to seven replicate counts were recorded for
each site during the 7 day survey window. The mæcimum count of 1,008 harbor seals was

obtained by combining the mæ<imum count for each area regardless of day censused. The sum of
means was T = 713 harbor seals (SD = 51.33), with a CV = 7.19% (Table 7)'

Estimated Population Size for the Gulf of Alaska from Unimak Pass to (but not including)
Prince Wiltiam Sound (Areas l-5 Combined)

The entire region from Unimak Pass to the Kenai Peninsula and the Kodiak Archipelago

(Areas l-5) contained24l individual sites. One to seven replicate counts \ryere recorded for each

site during the l0 day survey window. The mærimum count of 16,059 harbor seals was obtained

by combining the mærimum count for each area regardless of day censused. The sum of means

was Ï = 10,595 ha¡bor seals (SD = 306.77), with a CV : 2'90% (Table 8).
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1996 and 1992 Comparisons
Routes flown in 1996 were similar, but not exactly the same to those flown in 1992. For

example, Chirikof Island was suweyed as part of Area 2 in 1996, but was part of Area3 n 1992.

In order to compare results between 1996 and 1992,the 1992 datawere put into the sa¡ne area

categories as 1996 and recalculated. The results appear in Table 9. Similar numbers of seals were
seen between 1992 and 1996 in Area I (1,419 and 1,348) and A¡ea 5 (695 and 713). In Areas 2

and 4, there were 796 and 1,139 more seals detected in 1996 than in 1992, respectively. In Area
3, the Kodiak Archipelago,2,376 more seals were counted in 1996 than in 1992. Overall, using
mean values, 4,259 more se¿ls were detected in 1996 (10,595) than in 1992 (6,336).

Twenty "majo/' sites (those with more than 100 seals in either 1992 or 1996) were
identified (Table l0). Seven of these sites had fewer seals in 1996 than l.rl.1992 and ll sites were
greater. There lvas a net increase of 846 in the number of seals detected at these 20 sites from
1992 (3,753) to 1996 (4,599).

Counts from the surveys of the Copper River Delta" Mddleton Island and Kayak Island
are presented in Table I l. They will be discussed in another paper, including data from other
surveys ofPrince William Sound conducted by the Alaska Department of Fish & Game and

E>xon during the same period.

Discussion

The 1996 harbor seal census surveys were conducted in a similar manner to those of 1992
(Loughlin 1993). We used six aircraft, each with an experienced observer, to cover nearþ the
same routes used in 1992, and one additional aircraft for the Copper River. Two major changes

were made. We decided to position a twin-engine Aero-Commander on Kodiak Island (Larsen
Bay) instead of a single-engine plane based in King Salmon. In 1992, weather often prevented the
single engine plane from surveying the entire area. The weather in 1996 was exceptional.

Excellent survey conditions existed during the entire survey period. Additional survey hours were
added to several aerial survey contracts to take advantage ofthe unusually good conditions. Low
tides were primarily in the morning, but since the weather was good, observers were often able to
survey during both morning and evening tides, thus surveying more sites at optimal tides. In
1992,the low tides occurred very early in the morning, often before daylight, which limited some

survey effort to less than ideal tidal states.

For Area I (south side Alaska Peninsula and Shumigan Islands) we found 1,348 seals in
1996 and 1,419 seals n 1992 (Tables 3 and 9), essentially no change. At the extreme other end of
the Gulf of Alaskq fuea 5 (Kenai Peninsula) we also noticed no difference between 1996 with
713 seals and 1992 with 695 seals (Tables 7 and 9). In all other areas the 1996 counts ìÀ'ere

higher than in 1992, particularly nea¡ the center of the survey area (i.e., the Kodiak Archipelago).

In A¡ea 2 (south side Alaska Peninsula including the Semidi Islands and Chirikof Islands),

counts were up 796 in 1996 to 1,852 seals, almost 75Yo more when compared to the 1992

estimate of 1,056 seals (Tables 4 and 9). In 1996, the area surveyed continued east to Cape

Douglas. Although the 1992 surveys urere reported to have surveyed to Cape Douglas, the

furthest haulout listed to the east was KatmaiBay, approximately 128 km (69 nautical miles) from
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Cape Douglas. In this area between Katmai Bay and Cape Dougtas, Lowry found 553 seals in

19é6, which accounts for 52Yo of the 75Yo menticned above'

In fuea 4 (north side of Cook Inlet to Shaw Island) 1,139 more seals were located in 1996

Q,244)than in 1992 (1,105)(Tables 6 and 9). Areacov years'

Uut in 1996, 445 seals were located by Mahoney at four een

surveyed rr-l9g2 @. of AlarmwuikBay, McNeil Head,

In A¡ea 3 (the Kodiak fuchipelag o) 2,376 more seals were found in 1996 (4,432) than in

ut

increments than did observers n 1992. Wynne

Kodiak Island in areas not recorded previously (e.g., olga Bay, Sukhoi River, Sulua Bay, Alitak

Reef area and Kiliuda Bay, Shearwaier Bay, li"..u.r Rocks area). olesiuk also discovered seals

at new sites (- 2g5 at Spíáaon Bay, Zachar Bay, Malka Bay and at the extreme northeast corner

of Afognak ùtan¿. nv i. the biggest dif[erence was found at Tugidak Island. ln1992' the sum

of the mean count, *.r 770 seals, whereas in 1996, the sum of mean counts was 1,345 seals

(Table l0), an increase of 575 seals.' 
ní fugidak Island, Pitcher (1990) documented arrr85% decline from mean counts n 1976

(6,919 seals) io 1988 (1,0i4 seals). Our 1992 aerial estimate was 770 seals, a decline of 89Yo

from pitcher's 1976 mean count. our 1996 estimate of 1,345 seals represents a decline from

1976 of g}yo. An increase in counts also occurred at I I of 20 "majo/' sites. In 1992, 3,753 seals

were counted at these selected sites, and 4,5gg were counted in 1996. This is an increase of 846

seals or approximatelY l8%.

Reasons for the Increase
There a¡e several possible reasons for the increase in our counts of seals between the 1992

and 1996 census surveys. The first is that survey conditions were excellent in 1996. When survey

conditions are good, more replicate flights are possible, image quality ofthe photographs are

better, and the ,u*áy logistiËs .r, .^i-rr, a[ of which lead to improved data qualþ. More seals

haul out when winds anJrain are not he¿lry (Withrow and Loughlin 1996). In all survey areal¡'

the standard deviation (SD), coefficient olvariation (CV), a¡d95Yo confidence intervals (Ct)

(Table 9) were improved in 1996 over 1992'

At least 1,675 seals were counted in areas not described in Loughlin (1992). Since it is

not possible to reconstruct the 1992 surveyr, it is unclear-whether these ateas \r/ere observed and

no seals were found, or if they were not súrveyed. In addition to the factors mentioned above, we

believe the actual number of se¡s has increased. Comparing important sites (> 100 seals) from all

.r..r, we observed an increase of 846 seals, or approximately l8o/o more between1992 and 1996'

For A¡eas 2 and4, approxim ately 70Yo and 40Yo, respectively, of the observed increase in

seals numbers between lggi a¡d 1996 can be explained by counts from areas not described in

rThe database contains only sites in which animals were present. As a result, although

survey protocol states that all coastline is to be searched, it is not possible to determine if sites in

which no animals were counted in 1992 were actually surveyed.
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1992. The remaining percentage differences (i.e.30% arrrd60%) can be explained by: an actual

increase in seals numbers (perhaps 2}yo), weather, tide, time of day and other unknown factors

controlling seal haul out behavior and census accuracy.
For Are¿ 3, at least 30% ofthe increase can be explained by seals found in new areas not

described and perhaps not censused in 1992 which leaves 70Yo (or less) to be explained by an

actual increase in the number of seals and other factors.

We suggest that the mean estimate of 10,595 be used to represent the number of seals in

the Gulf of Alaska from Unimak Pass to (and including) the Kenai Peninsula (Areas l-5). The

overall 95% Clranges from 9,993 to ll,l97, SD equal to306.77 and a CV of 2.90Yo (Table 8).
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Table l. Survey dates, locations, observers, and aircrafts used during the 1996 harbor

seal census surveys.

Affiliations:

ADF&G = Alaska Department of Fish and Game
CDF&G = California Department of Fish and Game
DFO = Canadian Department of Fisheries & Oceans
NMFS/A = National Marine Fisheries Service (Anchorage Area Office)
NMFS/DG = National Marine Fisheries Service (Washington D.C., Office of Protected

Resources)
NMFS/NMML = National Marine Fisheries Service/ National Marine Mammal Laboratory
UA/SG = University of Alaska, Sea Grant

Survey dates and location

.;ArÞä:::ì:

:,:':,Noi:,,':,i

Location Dates

,i

.....l

South Side Alaska Peninsula
(Cold Bay to Kupreanof

Peninsula + Shumigan lslands )

8t25 -9t1
1 996

:::': :: :: ::A:::!. ::: :: : South Side Alaska Peninsula
(Ghignik Bay to Cape Douglas +

Semidi lslands and
Chidkof lslands)

8t25 -8130
1996

Kodiak Archipelago
(Afognak and N. Kodiak lslands)

8t25 -913
I 996

Kodiak Archipelago
(S. Kodiak & Tugidak lslands)

Et28 -9t3
I 996

North Side Gook Inlet
(Anchorage to Cape Douglas)

825-9n
1996

Kenai Peninsula 8n6 -9t2
I 996

Copper River Delta
(+ M¡ddleton and Kayak lslands)

Et27 -9t3
I 996

,:,:,,,Cèssnä,1 85 (floats):

r27



Table 2. Site location number and name, latitude, longitude
(in decimal degreesl, area number, and observer.

itliöüäliitir:if$ilEiÞ-gfi;i: E9Eä-ÉøF; i:i::iì::ifi rsã:i:iüii:I:,:eÞsel,ryeÍ

1 Cape Lazaref 54.6000 163.5833 1 Beeson

2 Bird I 54.6667 163.3000 1 Beeson

3 Sanak I 54,5000 162.8667 1 Beeson

4 Sankin I 54.8000 163.2667 1 Beeson

5 Morahovoi Bav s5.1094 1 63.1 464 1 Beeson

6 S. of Cold Bav 55.2556 162.6889 1 Beeson

7 Cold Bav 55.2667 162.6333 1 Beeson

8 Sozavarika l. s4.8583 162.5167 1 Beeson

9 Let I 54.8417 162.4500 1 Beeson

10 S of Deer I 54.8250 162.3500 1 Beeson

11 N.E. óf Hunt I 54.7947 162.1797 1 Beeson

12 Sandman l. 54.7917 162.1750 1 Beeson

13 Patton I 54.9011 1 62,1 306 1 Beeson

14 Buvan ls. 54.9000 162.'-t167 1 Beeson

15 Sushilnoi I s4.8667 161.8583 1 Beeson

16 Sarana I 54.9667 161.9167 1 Beeson

17 Volcano Bav 55.1 81 I 162.001 1 1 Beeson

16 lliasik (Outer) 55.0167 161.8667 1 Beeson

19 Dolooi l. S. 55.0906 161 .8231 I Beeson

20 Dolooi l. N. 55.1 500 161,7083 1 Beeson

21 Paulof Bav S. 55.4000 161.6167 1 Beeson

22 Paulof Bav s5.4833 161 .6167 1 Beeson

23 Paulof Bav N. 55.5478 161 .5892 1 Beeson

24 Ukolnoi L S. 55.2281 161.5378 1 Beeson

25 Ukolnoi l. N. 5s.2608 161 .5542 1 Beeson

26 Wosnesensk¡ l. W. s5.2256 161 .4536 ,l Beeson

27 Wosnesenski l. E. 55.2239 161.3472 1 Beeson

28 Kennovs I 55.1564 161 .1061 1 Beeson

29 Seal Caoe 55.3522 161.2222 1 Beeson

30 Unaoa l. N. 55.3250 160.6500 1 Beeson

31 Unaoa l. S. 55.1 667 160.4833 1 Beeson

32 Pooov L 55.2844 160.4278 I Beeson

33 Pooov l. S. 55.2586 160.3786 1 Beeson

34 Turner l. W. 55.0469 159.8589 1 Beeson

35 Bird l. N. W. 54.8214 159.7994 1 Beeson

36 Simonof l. S. 54.8667 159.2583 1 Beeson

37 Simonof l. N. 54.9000 159.3333 1 Beeson

38 Koniuii I 55.0478 159.6311 1 Beeson

39 Naoai l. N.E. 55.2214 159.8831 1 Beeson

40 Naoai I 55.2397 159,9406 1 Beeson

41 Guillemot I 55.5500 160.3667 1 Beeson

42 Doreno Bav 55.6372 160.2694 1 Beeson

43 Or¿inski Bav s5.7000 160.0533 1 Beeson

44 Grub Gulf ss.7833 159.9306 1 Beeson

45 Ramsev Bav W. 55.8250 159.8333 1 Beeson

46 Ramsev Bav E. 55.8417 159.7500 1 Beeson
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47 Chankliut l. -1 56.1 467 158.1328 2 Lowry
4E Chankliut l. -2 56.1414 1 58.1 578 2 Lowry
49 Chionik Bav 56.4175 158.2750 2 Lowry
50 Cape Kumliun 56.4717 157.9567 2 Lowry
51 Unavikshak l. Reefs 56.4544 157.7250 2 Lowry
52 Unavikshak L N.E. 56.4994 157.7025 2 Lowry
53 Aohivuk l. N.E. 56.2128 156.7783 2 Lowry
54 Anowik l. -2 56.0708 156.6422 2 Lowry
55 Anowik l. -1 56.082s 156.6731 2 Lowry
56 Chirikof N. House 55.8047 155.7500 2 Lowry
57 Chirikof S. House 55.7997 155.7292 2 Lowry
56 Chirikof S.E. 55.7931 155.5536 2 Lowrv
59 Chirikof E. 55.8144 155.5544 2 Lowry
60 Chirikof E. Naoai 55.8275 155.7478 2 Lowry
61 Kuiulik Bav -1 56.s378 157.8044 2 Lowry
62 Unavikshak l. Reef N.W. 56.5569 157.5483 2 Lowry
ô3 Sutwik l. Reef N. 56.5944 157.3283 2 Lowry
64 Sutwik I 56.5914 157.0872 2 Lowry
65 Kumlik l. Rock E. 56.6506 157.3181 2 Lowry
66 Kuiulik Bav -3 56.5775 157.9503 2 Lowry
67 Kuiulik Bav -2 56.5872 157.9089 2 Lowry
68 Eaole I 56.7586 157.3472 2 Lowry
69 Amber Bav 56.8283 157.4164 2 Lowrv
70 no name 56.7500 157.01 19 2 Lowrv
71 Yantari Bav l. S.E. 56.7981 1 57.0161 2 Lowrv
72 Hvdra I 56.7433 157.OO72 2 Lowry
73 Toee Reef 56.7619 156.8611 2 Lowry
74 Uoaiushak l. 56.8000 156.8475 2 Lowry
75 Aiugnak Columns -1 s6.8789 156.5733 2 Lowry
76 Aiusnak Columns -2 56.8867 156.5706 2 Lowry
77 Aorioina Bav 57.1067 156.4533 2 Lowry
78 Wide Bav S. s7.3336 156.2781 2 Lowry
79 Wide Bav N. -2 57.4553 1 56.1 81 1 2 Lowry
80 Wide.Bav N. -1 57.4611 1 56.1 997 2 Lowry
81 Portage Bav 57.5367 156.0300 2 Lowry
82 Jute Bav 57.5528 155.8375 2 Lowry
83 Caoe Aklek 57.6744 1s5.5783 2 Lowry
84 Puale Bav Rocks 57.6933 155.4164 2 Lowry
85 Alinchak Bav 57.7681 155.2778 2 Lowry
86 Alinchak Bav N. 57.8536 155.1581 2 Lowry
87 Kashvik Bav -l 57.9511 155.0569 2 Lowry
88 Katmai Bav E 58,0075 154.7619 2 Lowry
89 Takli I 58,0481 154.5453 2 Lowry
90 Kinak Bav -2 58.1 536 154.4406 2 Lowry
91 Kinak Bav -3 58.0794 154.4125 2 Lowry
92 Kinak Bav -1 58.1 400 154.4339 2 Lowry
93 Missak Bav 58.1228 154.2778 2 Lowry
94 Kuliak Bav 58,1 933 1 54.1 586 2 Lowry
95 Kukak Bav 58.3144 154.2103 2 Lowry
96 Kukak Bav S. 58.2861 1 54.1 044 2 Lowry
97 Caoe Nushak 58.4189 153.9794 2 Lowry
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9E Hallo Bav 58.4725 154.0142 2 Lowry

99 Shakun lslets -2 58.5783 153.7072 2 Lowry

100 Shakun lslets -1 58.5692 153.6639 2 Lowry

101 Caoe Douolas Rock S. s8.7361 153.3500 2 Lowry

102 Caoe Douolas Reef S. 58.7606 153.2883 2 Lowry

103 Mt. Mvrtle I 57.2161 154.5906 3 Wynne

104 Oloa Bav E. 57.1 189 154.1428 3 Wynne

105 Oloa Bav W. 57.0536 154.4389 3 Wynne

106 Seouoia River 56.9483 154.3578 3 Wynne

107 Fox l. Ledoes s6.9839 154.0486 3 Wynne

108 Sulua Bav s6.9561 1 53.9136 3 Wynne

109 Alitak Reef 56.9147 154.0547 3 Wynne

110 Aiaktalik I 56.7103 1 54.1 083 3 WYnne

111 Sundstrom l. N. 56.6847 154.1319 3 WYnne

112 Tuoidak N. 56.6044 154.4786 3 Wvnne

113 Tuoidak N.E. 56.5722 154.3831 3 WYnne

114 Tuoidak Lon. (lnside) 56.s458 154.4731 3 Wynne

115 Tuoidak S.W. 56.4547 154.7783 3 WYnne

116 Tuoidak Bar S.E. 56.5228 154.4172 3 WYnne

117 Sitkinak Lon. N, 56.5578 154.0336 3 Wynne

118 Sitkinak Lon. S. s6.5578 154.0336 3 Wynne

119 Sitkinak l. S.E. s6.5022 1 53.9714 3 Wynne

120 Sundstrom l. Ledoe N.E. 56.6803 154.1061 3 Wynne

121 Aiaktalik Ledse S.E. 56.6761 153.9900 3 Wynne

122 Geese l. N. s6.7203 153.9258 3 Wynne

123 Geese l. S. 56.7203 153.9111 3 Wvnne

124 Geese l. (M¡d) 56.7222 153,8856 3 Wvnne

125 Kaouvak (lnnerl 56.8256 153.7919 3 Wvnne

126 Kaouvak (Outer) 56.8303 153.7447 3 Wvnne

127 Black Point 57.0072 153.3603 3 WYnne

128 Rollins Bav s7.0450 153.3736 3 WYnne

129 Kiliuda Bav (Upper) 57.3192 153.1628 3 WYnne

130 Barnabas Rocks 57.1856 152.9219 3 Wynne

131 Shearwater Bay 57.2947 152.8911 3 WYnne

132 Gull Point Lqn. 57.3369 152.6478 3 Wvnne

133 Uqak I 57.3756 152.2572 3 Wvnne

134 Pasaoshak W. 57.4344 152.5756 3 Wvnne

135 Usak Bav ¡gpper) 57.4775 152.8769 3 Wynne

136 Kalsin Bay 57.6447 152.3614 3 Wynne

137 Broad Point 57.6714 152.3944 3 Wynne

138 Cliff Point 57.7114 152.4328 3 Wvnne

139 Womans Bav 57.7383 152.4328 3 Wynne

140 Lono I 57.7894 152.2200 3 Wvnne

141 (& 103) 1-Mt. Mvrtle l. 57.2153 1s4.5833 3 Olesiuk

142 2-Middle Caoe 2 57.3411 154.7875 3 Olesiuk

143 3-Middle Caoe 1 57.3550 154.8169 3 Olesiuk

144 4-Uoak Bav S Arm 57.367s 153.7792 3 Olesiuk

145 S-Zachar Bav 57.5425 153.7075 3 Olesiuk

146 7-E ol Rockv Pt. 57.6558 154.0694 3 Olesiuk

147 G-Spiridon Bay 57.6531 1s3.6550 3 Olesiuk

148 8-Mink Pt, 57.7311 153.5494 3 Olesiuk
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149 1O-Uoanik l. 57.8039 153.2875 3 Olesiuk
150 1 1-Uqanik E Passaoe 57.8361 153.0764 3 Olesiuk
151 9-Kizhuvak Bav S 57.7650 152.8672 3 Olesiuk
152 18-Malka Bav 58.1925 153.0017 3 Olesiuk
153 22-Foú Bav W 58.3575 152.8675 3 Olesiuk
154 23-Foul Bav E 58.3617 152.7889 3 Olesiuk
155 27-Peronosa Bav W 2 58.4239 152.4600 3 Olesiuk
156 26-Peronosa Bav W 1 58.4231 152.4672 3 Olesiuk
157 2SPeronosa Bav W 3 58.4300 152.4617 3 Olesiuk
158 33-Andreon Bav E 1 58.5078 152.3922 3 Olesiuk
159 34-Andreon Bav E 2 58.5106 1s2.3900 3 Olesiuk
160 35-Andreon Bav W 58.5136 152.4206 3 Olesiuk
161 44-Bio Bav 58.5769 152,6253 3 Olesiuk
162 4O-Shuvak l. W 1 58.5475 152,3642 3 Olesiuk
163 45-Latax R. 58.6917 1s2.4836 3 Olesiuk
164 42-Shuvak l. W 2 58.5517 152.3561 3 Olesiuk
165 43-Shuvak l. W 3 58.5531 152.3444 3 Olesiuk
166 37-E of Tetrekof ft. 1 58.5242 152.3508 3 Olesiuk
167 38-E of Tertrekof ft. 2 58.5286 152.3244 3 Olesiuk
16E 41-WNW of Sea Otter l. 58.5500 152.2769 3 Olesiuk
169 36-W of Sea Otter I 58.5175 152.2856 3 Olesiuk
170 31-N of Posliedni Pt. 2 58.4481 152.3267 3 Olesiuk
171 29-N of Posliedni Pt. 1 58.4367 152.3022 3 Olesiuk
172 25-Seal I 58,4050 152.2539 3 Olesiuk
173 24-Tolstoi ft. 58.38s3 1 52.1 578 3 Olesiuk
174 21-Tonki Bav 58.3244 152.0675 3 Olesiuk
175 20-Marmot l. N 58.2s64 151 .8575 3 Olesiuk
176 19-Marmot l. E 58.2108 151 .7958 3 Olesiuk
177 17-Duck Bav s8.0s69 152.4258 3 Olesiuk
178 16-Skiowith Reefs 4 58.0364 152.6625 3 Olesiuk
179 15-Skipwith Reefs 3 58.0361 152.6889 3 Olesiuk
180 14-Skiowith Reefs 2 s8.0292 152.6839 3 Olesiuk
181 13-Skiowith Reefs 1 58.0256 152.6789 3 Olesiuk
182 12-The Triolets 57.9906 152.4656 3 Olesiuk
183 Shaw L N.E. 59.01 17 153.3703 4 Mahoney
184 Shaw l. N. 59.0092 153.3728 4 Mahonev
185 Shaw lS.W. 58.9978 153.3778 4 Mahoney
186 Shaw lW. 59.0075 153.3992 I Mahoney
187 Shaw l. N.W. 59,0114 153.3900 4 Mahoney
188 Douolas R. Reef N.E. 59.1039 153.6947 4 Mahoney
189 Douolas R, Reef N. 59.1081 153.8431 4 Mahonev
190 E of Akumwarik Bav 59.1086 154.1325 4 Mahonev
191 Mc Neil Head 59.1 308 154.1 178 4 Mahonev
192 Nordvke I 59.1500 154.071 1 I Mahoney
193 Juma Reef S. 59.1706 154.071 1 4 Mahoney
194 Juma Reef E. 59.1906 154.0769 4 Mahoney
195 Juma Reef W. 59.1936 154.0806 4 Mahoney
196 Juma Reef N. 59.1944 154.0683 4 Mahoney
197 E of Amakdedori 59.2739 153.9994 4 Mahoney
198 Lanev Reef -2 s9.292s 153.8844 4 Mahonev
199 Lanev Reef -1 59.2972 153.8644 4 Mahonev
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200 Kirschner Lake 59.4147 153.8825 4 Mahonev
201 Auoust¡ne N.W. -1 59.3972 153.5658 4 Mahonev
202 Auoustine N.W. -2 59.3675 153.5842 4 Mahonev
203 Auoustine W. 59.3644 153.5869 4 Mahonev
204 Auoust¡n€ S.S.W. 59.3167 153.4939 4 Mahoney
205 Auoustine W. -1 59.3178 153.4686 4 Mahoney
206 Auoustine S.W. s9.3208 153.4492 4 Mahoney
207 Auoustine S. 59.3244 153.3947 4 Mehoney
208 Auoust¡ne S.S.E. 59.3264 153.3942 4 Mahoney
209 Auoustine N.E. 59.4175 153.3961 4 Mahoney
210 Auoustine (Burr Point) 59.4183 153.4067 4 Mahoney
211 Auoustine E.N.E. 59.4r 92 153.3967 4 Mahoney
212 Auoustine N-2 59.4103 153.4772 4 Mahoney
213 Auoustine N.N.W. 59.4050 153.4825 4 Mahoney
214 Auoustine N. s9.3989 153.51 17 4 Mahoney
215 Turtle Reef s9.6033 153.541 1 4 Mahoney
216 Black Reef 59.6247 153.5264 4 Mahoney
217 Vert I 59.6275 153.4536 1 Mahonev
218 W of Scott I 59.6411 153.4522 4 Mahonev
219 S of Vert I 59.626r 153.4422 4 Mahonev
220 W of lniskin l. 59.6244 153.431 1 4 Mahonev
221 E of lniskin l. 59.62s8 153.4064 4 Mahonev
222 W. of Pomerov I 59.6178 153.3781 4 Mahoney
223 Bio Rock 59.6136 1s3.3383 4 Mahoney
224 L¡ttle Jack Slouoh 60.5233 152.2497 4 Mahoney
225 Bio River 60.6414 152.0222 4 Mahoney
226 N of Biq River 60.6569 151.9847 4 Mahoney
227 Bradlev R. 59.2022 151.1189 5 Pavne
228 Yukon I 59.5417 151.4567 5 Pavne
229 Kamechak I 59.7017 151.1333 5 Pavne
230 Tonsini Bav 59.3208 150.8594 5 Payne
231 Home Cove-Nuka Passaoe 59.3833 150.7283 5 Payne
232 Tonsi-Lono I 59.4214 150.6786 5 Pavne
233 Ouartz Bav 59.4978 150.5000 5 Payne
234 N. Arm Ledse 59.5544 150.5381 5 Payne
235 James Laooon 59.5736 150.3997 5 Payne
236 McCarW Glacier 59.7192 150.2194 5 Payne
237 Northwest 59.7958 1s0.0061 5 Payne
238 Pedersen Glacier 59.8683 149.7217 5 Payne
239 Hive I 59.8811 149.3606 5 Pavne
240 Bear Glacier 59.9322 149.5042 5 Pavne
241 Aialik Glacier 59.9517 149.7331 5 Payne
242 Chickaloon 60.9164 150.0919 5 Pavne
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Table 3. The number of seals counted at each site for Area 1, south side of the Alaska
Peninsula from Cold Bay to the Kupreanof Peninsula, including the Shumigan lslands.

H
UJ
(^J

:iLóêat¡on:ir laritudc Lond¡tudâ MAX . MEAN at25t96 at26t96 at27t96 8,l2At96 t8/29196: ,:a/3O196 ,E/3r/96 9/,1,/96,
Bird I 54.6667 163.3000 75 36 15 17 75 35

Bird l. N. W. 54.A214 159.7994 19 l9 19
Buvan ls. 54.9000 162.1167 72 31 I 72 12

Caoe Lazaref 54.6()0() 1 63.5833 60 31 18 27 60 17
Cold Bav 55.2667 ,l62.6333 109 65 57 64 63 64 3() 109

Dolooi L N, 55.1 500 161.7083 13 't2 12 13 9 13
Dolooi l. S. 55.O906 161.8231 12 7 11 12 4 2
Doreno Bav 55.6372 1 6(),2694 23 12 1() 4 23
Grub Gulf 55.7833 159.9306 12 I 12 4

Guillemot l. 55.5500 160.3667 12 8 t2 2 I
lliasik lOute¡l 55.O167 161.8667 42 23 t8 23 7 42

Kennovs l- 55-1 564 161.106'l 82 56 37 61 a2 42
Konau¡¡ I 55.O478 159.631 1 20 12 20 9 7

Let l. 54.A417 162.4500 2 2 2
Mo¡ahovoi Bav 55.1094 1 63.1 464 a7 54 79 15 a7 35
N.E. of Hunt l. 54-7947 162.1797 3 2 2 3

Naoai l. 55.2397 159.9¿tO6 1 7 7 7 1 4
Naoei l. N-E, 55-2214 159.8831 25 l6 6 25
Orzinski Bav 55.7000 160.O533 13 13 I

Petton I 54.9011 1 62.1306 69 50 23 69 57
Paulof Bav 55.4833 161.6167 61 60 58 61 6()

Paulof Bav N. 55.5478 161.5892 54 18 54 5 5 7
Paulof Bav S. 55.4000 151_6167 49 22 49 16 15 I

Ponov I aa.2a44 160.4278 5 4 5 4 4 4
Pooov l. S. 55.2586 t 60.3786 6 3 1 I 4 6

Ramsev 8av E. 55.8417 159.7500 63 49 34 63
Ramsev Bav W. 55.8250 159.8333 14 1 I 14 10

S of Deer l- 54.825() 162.3500 29 19 21 27 8 29 10
S. of Cold Bav 55.2556 162.6889 10 10 10

Sanak I 54.5000 162.8667 333 279 269 216 333 296
Sandman l. 54.7917 162.1750 90 61 45 90 82 2A

Sankin I 54.8000 163.2667 30 20 30 l8 12 20
Sarana l. 54.9667 161 .9167 18 I 18 I I 3 I

Seal Cape 55-3522 161 ,2222 47 23 47 16 7 21
Simonof l. N. 54.9000 159.3333 79 33 l8 16 79 17
Simonof l- S. 54-8667 159.2583 46 38 39 46 29
Sozava¡ika I 54.8583 t 62.5167 68 45 39 68 32 42
SII 54.8667 161.8583 15 10 15 5
Turner l. W. 55.O469 159.8589 24 23 22 24
Ukolnoi l- N. 55.2608 161 .5542 64 30 64 19 25 12



Table 3 (cont.)

Ukolnoi l. S. 55-22A1 161.5378 11 I 11 f1 6

ljnaoa l. N. 55.3250 16().65()0 135 69 99 135 45 43 57 33

Unaqa l. S. 55.1 667 160.4833 a4 22 4 84 6 6 10

Volcano Bav 55.1819 162_0011 27 20 23 13 27 16

Wosnesenski l. E, 55.2239 161 .3472 6 3 6 2 2

Wosnesenski L W. s5.2256 161.4536 1 1

,: :MAXr,i .., MEAN.
2130 1 348

,:, r.gg, ô[:, lñtefVat

1213 =LOW I 1484 :HIGH

ts
(¡)
È

,CVrlili COUNTi sqii;ii
5.O6 156 68.29



Table 4. The number of seals counted at each site for Area 2, south side of the
Alaska Peninsula from Chignik Bay to Cape Douglas, including the
Semidi and Chirikof lslands.

H(,
(¡

LÞcáùOn:: Latiludc Londttudà MAX n/lÞÃN 8125t98 8/26flgB et27pa at27tçt¿ ar2,tt!,ó aIzApE ::8129196 ,rtl3o196:

Aohir¡¡k l. N.E. 56.2128 156.7783 23 10 23 o 17 o
Aorioina Bav 57-1()67 156.4533 21 12 7 o 21 o 21 21

Cahrmn¡ - 56.8789 156.5733 33 16 o I 4 2A 33 22

Aiuonak Columns -2 58.8867 156.5706 143 107 8¡t 108 71 120 143 137

Alinchak Bav 57.7681 155.2778 139 88 139 2A 9() 99

Alinchak Bav N. 57-8538 155.1581 61 33 24 o 61 46

Ambcr Bay 56.8283 157.4164 6 20 o 1 ß 37

Anowik l. -l 56.O825 156.6731 60 43 32 51 31 60

Anowik l. -2 56.O708 156.4422 3 2 3 1 2 3

Caoa Aklck s7.6744 155.5783 I 4 o I I t o

Caoc Douolas Rccl S. 58.7606 1 53.2883 235. 173 149 t59 t49 235

Caoc Douolas Rock S. 58.7361 153.3500 1 9 7 11 I
Capa Kumliun 58.4717 157.9567 36 25 27 18 36 17

Caoc Nushak 58.4189 153.9794 85 58 2A 63 85

Chankliut l. -1 s6.l 467 1 58.1 328 105 f9 105 90 94 29

Chonkliut l. -2 s8.1414 1 58.1 578 a4 52 35 44 44 a4

Chiqnik Bav 58.417s 1 58.27sO 89 84 74 89 89 86

Chirikof E- Naoai 55.8275 155.7478 50 29 17 33 l8 50

Shidkof E. 55.8144 r ss.5544 58 44 58 38 55 29

lhirikof N. Houec 55.8047 155.7sOO 68 60 68 60 4A 68

lhirikof S. Housc 55.7997 1s5.7292 4 3 2 4 4 2

3hirikof S.E. 55.7931 1s5.5536 64 æ 80 t4 24 64

laolc l- 56.7586 157.3472 47 25 22 18 13 47

{allo Bav 5A.4725 15,4.0142 249 144 249 6l 16(' 108

Flvd¡a l. 56.7433 157.OO72 53 34 1¡0 22 1A 53

no namc 56.7500 157.O1 19 14 14 l4
Juta Bav 57.5524 155.8375 1 2 o o o o 11

(¡chvik B¡v -1 57.9511 155.0569 47 23 o 47 2 41 2A

(¡tmei Bav E 58.OO75 1s4.7619 35 1 35 3 o 1 17

(inak Bav -1 58.1¡tOO 154.4339 30 14 27 30 1 o

(inak Bav -2 58.1 536 154.4¿1o6 12 5 12 7 o o
Þav -1 58.O794 154.4125 4 3 3 4 3 o

(r¡hrlik Bav -1 56.5378 157.8044 11 t1
Ãøv -) 56.5872 1s7.9089 36 36 38

(uiulik Bav -3 56.5775 157.9503 7 7 7

Þ¡v 58.3144 154.2103 44 30 20 44 31 24

úrl¿¡l¿ ll¡w S 58.2861 1 54.1044 62 15 62 o o o

(uliak Bav 58-1 933 154.1586 4D 30 4() 26 30 27



Table 4 (cont.)

Kumlik l. Rock E. 56.6506 157-3181 24 l8 18 24 t9 11

Misaak Bav 54.1224 1s4.2778 16 10 I 5 l8 9

torteda Bav 57.5367 158-()300 54 2' 10 29 17 2A 54

Pualc Bav Rock¡ 57_8933 t s5.4164 25 t5 o 20 14 25 18

lh¡lrr¡n l¡l¡t¡ -l 58.5692 153.6639 19 I 2 o t9 I
Shakun lslcts -2 s8-s783 15,3.7072 88 66 88 61 58 58

Sutwik l. s8.59t4 157.0872 11 10 I I to t1

Sutwik l. Rccf N. 58_5944 t 57.3283 2 2 2

fakli l. 58.O481 154-5453 19 5 19 o o o

focc Rccf 58-7819 158.8811 17 I o 3 10 I 17 1¡[

llcaiu¡hek l- 56.8000 156.8475 133 9g 79 ¿8 116 t02 133 t16
Unavikghak l. N.E. 58-¡û994 157.ro25 28 28 27 22 2A

Ilnevik¡hak l- Rccf N.W. 56.5569 157-5483 52 27 2A s2 o

Unavik¡hak l. Rccf¡ 5A-4544 157.725,0 I 4 4 o 8

Widc Bav N. -1 57.4611 1 58.1 997 00 2g o o o 38 39 8(}

Widc Bav N. -2 57.4553 156.181 t 18 6 o o 2 1 t5 18

Widc Bav S. 57.3336 156.2781 152 t03 54 11(' 8t 97 152 l2g

lantarl Bav l. S.E. 56.7981 t 57.0161 9 4 o o 9 8

H
(¡)
o\ iiii;rMAXI TMEAN,:,I

2848 1852

" = haulout rwash, or lidc much highcr than normal

lf = di¡turbancc suspcctcd
+ + - no disturbancc, but ¡cale in watcr adjaccnt to haulout

- = thls valuc not uscd to calculrtc mcrn (obsctvcr notcd r tcrson.
blank lrìdlcatæ lltc not survcyld

r,: : r : :: r, : 95 %l: Cohf ¡dónc6 lrltêtvali : i: iiirliìii:

1684 =LOW I 2021 =HIGH

othcr than tho¡c abovc, why count i8 not tvp¡cal or rcprc¡cntativcl

CVì!: COUNT iiilSÞiii:i
4.60 226 85.23



Table 5. The number of seals counted at each site for Area 3, Kodiak Archipelago
including Tugidak lsland.

H(,
\¡

irc¡tlon r , i : LâfftudÒ ..1 : Loti.¡ltüd. lylAÃ: ,MEAN , at2at98 at26tga '8,t2rt98 at2atg6 ,:8129198 8¡30196 B/31196 9ftl96, gfiztga 9t3t9e:

Alaktallk l. 154.tOtl:l 70 ú¿ 58 6E 70 66 ¡15 B{
( LGdoâ S.E. 56.6761 153.9900 æ 19 o 19 24 æ â 1E

\litak Rcef 56.9147 ts4.0ar7 fü z2 24 15 2ß

lamabas Ræk¡ 57.1856 152.9219 ¿19 24 2A t6 ¡[9 35 l3 0- 5
k Polnt 57.û72 153.3603 117 d2 3E 6l 17 lt7 ß s5 EI

3road Polnt 57.6714 152.3ç,4¡ 2 o o o 2 0 0 o

3llfl Polnt s7.7114 152.432E l5 2 2 o l5 o o o o
iox l. Lcdqcs 56.98Í19 154.0¿186 4 u 21 4
¡eesc l. üid) æ.72, 153.8856 4t 13 4 I fE to 23 14

GeesG l. N. 56-72(Xt t:i:t.9258 16E 14n 88 It3 t6E 161 1q, 1f,
Seesc l. S. 56.7æS r53.9111 5 3 o'. 4 5 5 0 0

Gull Polnt Lon. 57.3:ru 152.il78 61 60 ß 6t EI 73 o++ 39

lGourak flnncr) 56.8256 1s3.7919 l5 E 2 o 13 l3 0 t0 t5
¡ourak fOt¡ter) 56.8:m 153.747 5 I 0 0 0 o o 5 3

lGlsln Bav 57.W7 152.æ14 127 t(x 104 119 73 111 93 99 127

K¡Iiud! BaY ÍUDDGÍI f:¡¡t.1626 z3 t1 o- O++ 0 o 15 t9 xt
Lona I 57.7894 152.2û 52 35 52 11 12 æ 23 n æ

Ult. i¡hrrllc l.' 57.2161 l5¡f.S96 2n t94 t39 2ú 169 18t 19'2

¡a Bav E. 57.1189 15/..1428 t6 f6 11 O++ o IE

Oloa BavW. 57.0Í16 154.¡f389 t11 86 a7 82 ilt E6 57 79 l0l
'asaoshak W. 57.4344 152.5756 113 69 56 93 n 7E æ 34 fi3
lolllm BeY 57.0¡150 1:t:1.3736 58 Æ 17 53 47 I 5E 50 50

lultrol Rtver 56.948¡l 154.3578 MO 67 60 107 121 2A 36 1f9 l¡10

ìhearweter Bav 57.N7 152.8911 E7 74 dt 73 a7 vt 54 7e ü2

ìitklnak l. S.E. æ.wz¿ t53.9714 142 l5r 171 142 I ¿lÍt 182 t57 113

ìilHnak Lon. N. 56.557E 154.03:16 E2 g 61 a2 8 59 EO 71

ìltHnak Lon. S. 56.557E 154.ü136 E4 il 72 2 Æ 21 82 u
ìulua Bav 56.9561 153.9136 1æ 71 o'. O++ 12 q, 8t lm
SundstroÍr l- LcdoG N. 5ô.68Gt 154.f (Ft 16 10 0r' t6 7 I E I

rdstrom l. N. 56.6847 154.t319 2 1 0 2 2 o 0 0

fuoidak Bar S.E. æ.5m 15/..4172 199 157 1il 173 186 1Æ 199 E1

uqldak Lsn. (lmldc) 56.545E 15/'.4731 12, 9f) 1Û2 90 101 fi9 60 122

l'uoldak N. 56.æ¡K 1il.4786 167 76 0 0 1m 1E7 0 14
fuoldak N.E. æ.572 154.3E¡r 411 319 114 241 301 203 398 31

luoldak S.W. 56.¿13t7 1il.7743 959 694 562 æ7 E12 8æ 0t# 959

l¡rk Fl¡v lllnærì 57_1Tf5 t52.87tr¡ 36 14 o o 11 n 36 æ o

rk l. 57.3756 152.Ë72 287 217 276 zæ æ 24 247 239 o-
Âlorn¡ns BaY 57.73tt¡t 152.4328 ¿16 24 o## t u++ t9 3E 15 ß
l-Ml. i¡hrtle l.r 57.2153 154.5833 277 1C2 173

t-Ml.l.lla aztn2 57.34f I 15/..7A75 45 3E 31 45

lMlddþ CaDc I 57.3550 t54.E169 t3 I 0 2 t3
tuvek BaY S Am 57.3675 153.ns2, t08 TI 59 72 to8 70

lZachar Bav 57.ilÉ l5:ì.7075 31 3t 31 0 o

ÈSolrldon BaY 57.65¡il 153.6550 87 dt 42 50 87 73

/-E of Rocky Pt. 57.655E 154.0694 21 17 l6 21 20 11



TabÞ 5 (cottt.)

H(,
@

illlnk R. 57.7311 153.9[f¡4 E4 75 57 u 62 TI
-K¡zhrmk BeY S 57.7650 152.æ72 l4 6 14 2

lGUoanlk L f :tÍt.2875 75 52 74 3¡t 75 ã
ll-Udenlk E Pæsâo. 57.eFt 153.0764 80 5E æ g, &2 62

l2-Thc Tdolet¡ 57.9906 152.¡1656 z) 14 f6 n l2 t3
Reêl¡ I 5E.0256 152.6789 æ t67 E6 5t 155 t34 æ 277

l+Sklillth Rccf¡ 2 æ.9?92 152.6&t9 æ 14 5 t5 æ
l$Sldpwlth Reef¡ 3 5E.Gl6t t52.6869 z2 12 2 2

-SHDwllh ReGf! 4 58.ßel 152.6625 5 5 5
l7-D¡.¡ck Bav 5E.f1569 152.4Ë;A 7E 41 7A 27 3E ¿7 æ ¡ß¡ 5¡f

f E+lelkr BaY 58.1925 153.0017 27 17 25 0 o 2 n t3
l$llarmdl. E 58.2f OE I þl . ttiÐö 6 6 6 6 1 6 6

z(}Mamot l. N 5E.2564 151.8575 2ß t6 15 t3 12 26 't8

2l-Tmld Bav æ.324/. 152.0675 3E 8 14 1E 3E 19 É
2-For¡l BavW 58.3575 152.4875 24 12 11 7 I E 21

2&For¡l Bay E 58.36t7 152.7889 28 17 17 0 17 5 o æ
+Tol'lol Pt. 58.38trr 152_157E lo 7 4 lo 0 6 o

2$Scal l. 58.¡1(}50 152.253f) 1Æ 1m 51 sl 95 s 134 1n
ZÈPcrmæa BavW I 58.4231 152.Æ72 70 60 49 ro
27-Pcronæ¡ BayW 58.4239 152.¡|6(n 94 74 60 a2 94 60 T2

2SPeronosa BavW 3 5E.ß(n 152.Æ17 59 3¡t 7 5S

Z$N of Posllêdnl Pt. 5E.¿1367 152.s2. I 6 1 3 E I 0 0

lî-N ol Posllednl Pt.2 58.¡l4El 152.3Ët 53 36 !Í! 47 o A ß z2

3$Andrcorr Bav E t 56.5078 152.s2, 35 35 35

l¡lAndrcon Bav E 2 58.51(F 152.3(m 34 u 34

-Andreon Bav W 5E.5136 152.42fß ß æ 73 ß
l&W ol Sca Ottcr l. 58.5175 152.2458 Át 2 21 21 t6 22 E
ì7-E of Tctrekof Pt. I 8.5242 152.3508 71 ¡t9 42 5() 13 71 70

i&E ol Tcrtrckol Pt. 2 5E.5286 152.324ø 1 3 3 1
-Sht¡yak l. W I 56.5475 152.ß2 4 3 1 I

fl-WNW of See Ottcr 58.55(x) 152.27æ 21 fE 15 21

t2-Shuvak l. W 2 56.5517 t52-3561 27 t5 27 t5 t8 0 o

-Shuvak L W 3 58.5531 152.3444 z¿ 10 2 5 2,
{4-Bls Bav 58.5769 't52.õ2Sl É 2. t9 É
{S-[¡tax R. 58.69f 7 152.4836 12 E 6 I 1 12 12

MAX .MEAIT :

a2lô7 4437

95% o¡ lnt
17441129 =LOW

1 - thi¡ haulout wae survcycd by both wynnc and olcsiuk. N, mcan, max, g.d. and othcr .Îâtirt¡câl valuc¡ arc comblncd and calculatcd only oncc.

" - haulout awash, or tidc much highcr than nolmal

ll = disturöancc cusPcctcd
+ + - no dieturbancc, but ccals in watct adjacont to haulout

- = thia valuc not uscd to calculetO mcan (obscrvcr notod â r.ason, othar than thosa abovc, whY count la not typical or ?cprcacntat¡vcl

blank lndlcates dlc not lurÌlyed

;:GY cout{T SD

3.53 382 150.429



Table 6. The number of seals counted at each site for Area 4, north side of Gook lnlet
from Anchorage to Cape Douglas.

H
UJ
ro

l¡i¡iii:]¡¡iä iil ,:,,:fàt¡tl¡dd, ¡.ôrôtltudö MAI. MEAII Ef25196 Et2õt96 l tölzll9{Jl 8,t2At9A :ar29tst6 r8t3o/98i Ers:tr9õ: 9rf ,98,, Ðt2r:Ð6il

Shaw lS-W. 58.9978 153.3778 31 22 3 31 24 2l 19 29
Shaw lW. 59-OOt5 153-3992 188 ,1 98 2 89 65 188
Shaw I. N. 59.OO92 153.3728 10 6 I 10
Shaw l. N.W. 59.01 14 153.3900 19() 158 133 179 155 184 t90 94
Shaw l- N.E. 59.01 17 .l53.3703 81 55 81 47 35 31 62 73
Douolas R. Rccf N.E. 59.1039 153.6947 23ft 16() 236 t75 135 116 155 142
Douolaa R. Rccf N. 59-1081 t 53.8431 174 1o4 a4 121 125 17A 55
E of Akumwarik Bav 59.1086 1 54.1 325 17 94 117 116 e4 79
Mc Nail Haed 59.1 308 154.1 178 139 69 139 49 34 55
Nordr¡ft.c l. 59.1500 154-()711 23 23 23
Juma Rccf S. 59.1706 1 54.071 1 l9 19 t9
Jum¡ Raaf E. 59.1906 154.O769 3 3 3
Juma Racf W. 59.1936 154-()806 a7 63 59 65 a, 36 a7 7A

Juma Rccf N. 59.1 944 154.O683 73 73 73
E of Amakdsdoñ 59.2739 153.9994 90 63 48 85 90 58 39 77

Len.v Rââf -2 59.2925 153.8844 235 159 37 152 235 168 201 159 t04
Lancv Rccf -1 59.2972 153.8644 98 59 98 20
Auoustinc S.S.W. 59-316t 153.4939 9 9 I
Ârrar¡otin'¡ ll/ -1 59.3178 153.4686 2 2- 2
Auoustinc S.W. 59-32()8 153-4492 40 35 30 /tO

Auoustine S. 59.3244 153.3947 242 t76 194 242 210 56

Auouetinc S.S.E. 59.3264 153.3942 19() 190 190
Auoustinc W, 59.3644 153.5869 37 29 21 37
Ârrnrrotin¡ N W -t 59.3675 153.5842 2 2 2

Auoustine N,W. 59.3972 153.5658 9 I 9 6

Auoustinc N. 59.3989 1s3.51 17 17 18 14 17

Auoustine N,N.W, 59.4050 153.482s 2 2 2 2

Auoustina N-2 59.4103 153_4772 1 ¡ 1

Kirschncr Lakc 59.4147 153.8825 4 4 4
Auoustinc N.E, 59-4175 153.3961 80 42 3() 14 44 80

Auoustina (Bu¡r Point) 59.4183 153.4067 33 33 33

Auoustinc E.N-E. 59.41 92 153.3967 1 1 1

Turtla Rocl 59.6033 r 53-5411 33 30 2A 33 30 2A

Bio Rock 59.6136 t 53.3383 9t 55 24 65 52 18 81 91

W. of Pomcrov l. 59.6178 153.3781 4 4 4
W ol lniskin l. a9-6244 153.431 1 61 33 5 38 81 30

Black Rccf 59.6247 153.5264 1() 7 10 3 9

E of lniskin l. 59.6258 153.4064 146 88 69 143 a2 a4 90 65 146

S of Vcrt l- 59.6261 153.4422 83 39 83 16 14 42 28 s2

Vcrt I 59.6275 1s3.4536 48 4A 1A



Table 6 (cont.)

ñt of Scott I 59.6411 153.4522 23 13 10 23 5

Littlc Jack Slouoh 8()_5233 152-2497 28 18 5 26
Bio Rivcr 80.6414 152.0222 a4 46 23 30 a4
N of Bio Rivar 6()-8589 151-9847 266 118 76 77 11 a4 222 83 288

@

:. MAX MEAìI
3342 224Éj

F
Èo

i9Ð;96,:i
79=7

t:

1

iiiiiiCViii:jl,GOUNI i:il,sDii:i

10.46 I 145 234.68



Table 7 . The number of seals counted at each site for Area 5,
Kenai Peninsula.

H
È
H

iMEAN|
1008 713

r : r I ilrl:r 95i: %r, Gonf ldence lnterual . . i : . r :., r

Lriëàt¡ôri:, i ::Litltudâ | ,:Löño¡fr¡alil .MAX . MEAN ,4t26t96 a,27198 anatglô i8t29r96, i813('/96,,lrl8r3f /96 912:19lô
Aialik Glaci¡r 59_9517 149.7331 85 50 85 t1 45 7A a3 67 3
Baa¡ Glacicr 59.9322 149-5¡042 8 5 I 5 2
Bradlav R. 59.2022 151.1 189 ¿tOO 313 352 300 400 2(x)
Chickaloon 60.9164 150.0919 t? 1() 6 t3
Hivc l. 59.8811 149.3606 4 3 4 3 2
Homa Covc-Nuka Passaoc 59.3833 15,0.12A3 6 6 6
Jemcs Laooon 59.5736 150.3997 10 to to
Kamachak l. 59-7()17 151 _1333 53 49 53 45
Mccrrtv Glacicr 59.7192 150.2194 160 t18 141 122 t60 130 7A 81
N- Arm Ladoe 59-5544 150-5381 39 21 14 11 39 19
Northwcat 59.7958 150.0061 78 35 32 7A 26 9 32 56 15
Pedcrscn Glacicr 59.8683 149.7217 t14 72 95 52 114 72 65 38 'to
Ouert2 Bâv 59.4974 15().5()00 20 6 1 20 1 1

Tonsi-Lono l. 59.4214 150.6786 12 8 11 1 12
Toneini Bay 59.3208 1so.8594 7 7 7
Yukon I 59.5417 151-4567 f 1 1

Total¡ =

:iijcvii GOUNT :SDll

7.19 56 51.33



Table 8. The number of seals counted at each site for all areas,

from the south side of the Alaska Peninsula to the Kenai Peninsula.

H
È
N

-ôC¡tiöl'¡t: i, ii ili::ii,i,i,iit:i r ¡ t1¡trrdi [ôirô¡tlrdó1,, MAX. MEAN 8t25 :812ã. atzt at21 TTTEi 8128" at2a 8/30 ars I I1 st2 9/A

Bird I 5¿l-8687 163.3000 75 36 15 1l t5 35

lrd I- N- W- 54.4214 159.7994 19 19 19

Buvan h. 54.9000 182.1 187 72 31 9 72 12

f'¡n¡ I ¡r¡r¡l 54.8(xX' 163.5833 60 31 18 27 80 1'
Cold Bav 55-2867 162.6333 109 65 s7 64 63 64 30 1()9

Dolooi l. N. 55.t500 161 .7083 13 12 12 13 9 13

Dolool l. S. 55.O906 161.8231 12 7 11 12 4 2

Dorcno BaY 55.8372 160.2694 23 12 to 4 23

Grub Gulf 55-t833 159.9306 12 I 12 4

Guillamot l. 5s.5500 160.3667 12 I 12 2 I
llie¡ik lOutarl 55.O187 1A1 .8A67 42 23 18 23 , 42

Kcnnovs l. 55.1 584 t 61.1061 a2 56 37 81 a2 42

Koniuii l- 55.O478 159.8311 20 12 20 9 7

Lct l. 54.841 7 162.4500 2 2 2

Morahovol Bav 55_1()94 163.1464 a, 54 79 t5 a7 35

N.E. of Hunt l. 54.7947 142.1797 3 2 2 3

Naoai L 55.2397 159.9400 11 7 7 7 11 4

Naoei l. N.E. a5.2214 1 59-8831 25 1A I 25

55.7qX) 160.0533 13 1l 13 9

Ðatton l. 54.901t 1 62.1 306 69 50 23 89 57

Prulof Bav 55.4833 181 .6167 8t 80 58 61 8()

Paulof Bav N. 55.5478 181.5892 54 18 54 5 5 7

Parrlof Bav S- 55-¡l{)OO 161 .8187 49 22 49 18 l5 I

Pooov l. 55.2A44 1AO-4278 5 4 5 4 4 4

Popov l. S. 55-2586 160.3786 6 3 1 4 6

Ramsav Bav E. 55.8417 159.75(x) 63 49 34 E3

R¡meav Bav W. 55.8250 159.8333 14 11 8 14 10

S of Dccr I 54.82sO t62.3s(x, 29 l9 21 27 I 29 1()

Aav 55.2556 162.6889 10 1() 10

Sanak I 54_5()()(l 182.8667 333 279 289 216 333 29A

Sendman l. 5,4.t917 162.175¡o 90 81 45 90 a2 2A

54.8000 163.2667 30 20 30 l8 12 20

I 54.9667 181.9167 t8 I 18 I I 3 9

Seal Caoc ss.3522 1A1 -2222 47 23 17 16 , 21

a¡aaaat I ll 54.9000 159.3333 79 33 18 t8 79 17

54.8667 159.2s83 46 38 39 46 29

e^--.,-il¿¡ I 54.8583 182.5167 68 45 39 68 32 12

Sushilnoi l. 54-8687 101.8583 15 10 15 5

furnar l. W. 55.0469 159.8589 24 23 22 24

Ukolnoi l. N. 55.2608 161 .5542 64 30 64 l9 25 12
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Tablc 8 (cont.)

P
Þ
Þ

Portâda Brv 57.5387 150.0300 54 27 to 29 1't 28 54

Puelc Bav Rock¡ 57.6933 155.4164 25 15 o 20 14 25 t8
Shekun lslats -t 58.5692 153.6639 19 8 2 o t9 9

Shekun lllcts -2 58.5783 153-7072 88 66 88 81 58 58

Sutw¡k l. 58.5914 157-Oa72 l1 1() I 9 10 11

Sutwik l. Rcaf N. 56.5944 157-3283 2 2 2

takli l. 58.O48t 154.5453 19 5 19 o o o
foca Rccf 58.7619 156.861 I 17 I o 3 1() I 17 11

Uoaiuehak l. 58-800() 158.8475 133 99 79 48 116 102 r33 16

Ijnavikshak l. N.E. 56.4994 157.702s 2A 26 27 22 2A

Unavikghak l. Rccf N. 58-5569 157.5483 52 2l 2A 52 o
Unavik¡hak l. Rccf¡ 58.4544 1Sl-725¡() I 4 4 o I
W¡d. Brv N- - 57.4811 1 58.1 997 60 23 o o o 38 39 60
rÂfld¡ F¡w N -2 57.4553 r58.t8t 1 l8 E o o 2 1 t5 18

tlìfid¡ Bev S- 57.3336 156.278r 152 103 54 11() B1 97 152 123

fantari Bav l. S.E. 56.7981 157.0161 9 1 o o I I
À¡rkrãl¡k l- 56.7103 t 54.1083 70 82 58 88 70 86 ¿15 64

Aiaktalik Lcdoc S.E. s8_8t81 153.99q) 29 19 o 19 24 29 25 t8
Alitak Rccf 58.9147 1s4-O547 2A 22 24 l5 2A

Barnaba¡ Rock¡ st-1 858 t 52.9219 49 24 29 16 49 35 13 5

Black Point s7.æ72 153.3603 117 a2 38 81 17 117 26 95 8t
Broad Point 57.4714 1s2.3944 2 o o o 2 o o o

Cliff Point 5t -t111 152.4324 15 2 2 o 15 o o o o

Fox l. Lcdocs 5e.9839 154.O486 44 34 24 44

Gcc¡c l. {Midl 56.7222 153.8856 2? 13 4 9 18 10 23 11

Gaaec l. N. 58_t2()3 153.9258 168 I ¡lo 88 113 t88 161 t80 150

Gccec l. S. 56.7203 I 53_91 I 1 5 3 4 5 5 o o

Gull Polnt Lon. 57-3369 152.A478 81 8() 46 61 81 73 39

K¡ouv¡k llnnarl 56.8256 153-7919 15 8 2 o t3 t3 o 1(' t5
Kaouvak lOutcrl 56.8303 153.7447 5 1 o o o o o 5 3

ll¡lcin Þ¡v 57.8447 152-3614 127 104 104 119 73 t11 93 99 127

Kiliuda Bav lUopcrl 57.3192 1 53-1 628 23 1l o o 15 19 23

Lonq l. sr-t494 152.220Í) 52 35 52 11 42 29 2Z 2A 29

!lt. fvlwflc l.t 57.2161 15¿1.5906 277 194 t39 204 189 181 192

Oloa Bav E. 57.1 189 1 54.1 428 18 16 14 18

Olaa Bav W. 57.O536 154.4389 11 86 a7 a2 11 88 57 79 1()î

Pasaoshak W. 57.4344 152.5756 13 69 58 93 77 ?a 29 34 113

Rollino Bav 57-O450 153.3736 58 46 17 53 47 48 58 5(} 50

Scouoia Rivc¡ 58.9483 154.3578 1¿tO 87 60 107 121 2A 38 119 1 ¡l{t

Shcarwalcr BaY s7-2947 152.89r 1 a7 74 63 73 a7 84 54 7A a2

sitklnåk l. S.E. 56.5022 I 53-971 4 182 151 171 142 1¡03 142 t57 tt3
S¡tkinak Lsn. N.
Sitkinak Lon. S.

56.5578 1s4.O336 82 64 61 a2 2A 59 80 t1
58.5578 154.O336 84 54 72 22 æ 21 82 84

iulua Bav 56.9561 153.9136 100 71 42 80 8t 1(x)

ìundstrom I. Lcdoc N. 56.6803 154.1061 t6 10 16 7 I I I
ìundstrom l. N. 56.6847 154.1319 2 t o 2 2 o o o



TaUc I (cont.)

tsÈ
t¡

luoldak Bar S-E- 3A-fí22A 15,4.4172 199 157 15/t l7? 180 t4g t99 81
fucidak Lcn. llnrld¡l 56-5458 15,1.1731 122 99 1o2 90 tot 119 80 122
fuoidak N. 58.6044 154.¿0788 147 7e o o 72l¡ la7 o 1¿to
fuoidak N-E- 5A-6722 15¿t-3831 414 319 /|11 2Al 30t 203 398 3t8
tuoidak S.W. 56.454t 15,4.7rA? 959 a9¿ 562 3'lJ7 al2 829 959
lJo¡k Bav lljon¡rl s7.4775 152.8769 36 14 o o l¿l 20 38 29 o
Uoak l. s7375A 152-2572 2A7 253 274 238 229 214 2A' 239
ffoman¡ Bav 57.7383 152.1328 48 24 I 19 38 t5 ¿f8

lJtlt. irìrrtc l.' 57-2153 15¡û-5833 277 t92 t73
2-Middlc Cæc 2 57.34t I 15¡0.7875 45 38 31 45
3-Middla Caoc I 57.3550 15¡l-8189 13 5 o 2 t3
l-Uoak B¡v S Arm 57.3675 15,3.7792 t08 77 59 ,2 1()8 to
lZachar Bav 57.5425 153.7075 3l I 31 o o o
B-Solridon Bav 5t.653t t 53.8550 87 63 42 50 a7 73
l-E ol Rockv Pt. 57-6558 l5¡[.O69¡[ 21 l7 18 2l 20
8-Mink Pt. 57.7311 1 53.5494 84 7S 57 84 a2 77
Ð-Kirhuv¡k B¡v S 57-7850 152-e472 14 e 1¡t 2
lO-Uoanik l. 57.8039 153.2875 75 s2 't4 35 75 25

I -Uoanik E Pa¡¡aoc 57-836t 153-O76¡l 80 58 29 80 62 c2
l2-Thc Triolct¡ 57.9906 152.4656 20 l4 16 20 12 tl 13
l3-Skiowith Ra¡f¡ I 58-O258 152-8789 299 167 88 5t 155 l3¡t 299 277
¿l-Skiowith Racf¡ 2 58.O292 t 52.6839 23 14 5 15 23

lS-Skipwith Rccf¡ 3 58_O381 t 52.8889 22 12 22 2
lG-Skiowith Rccf¡ 4 58.O364 t 52.8825 5 5 5
17-Duck Bev 58.O569 1s2.125,A 7A 11 7A 27 38 27 23 ¿¡3 5¡l
l8-Malk¡ Bov 58.1925 t53-OOt7 27 t'l 25 o o 2 27 l3
l9-Marmot l. E 58.21('8 t 5t.7958 I 6 6 6 1 I a
2o-Marmot l. N 58-256¡[ 15t -8575 2A t8 15 t3 12 2A lc
2l -Ta¡l¡l F¡w 58.32¡14 152.O875 3A 2? 11 t8 38 t9 25
22-Foul B¡v W 58-3575 152.8875 24 12 11 7 8 I 21
23-Foul Bev E 58.3617 152_7889 2A 11 17 o l7 5 o 2A
2¿l-Îol¡tol Pt. 58.3853 t 52.t 578 to 5 4 to E 6 o
25-Scal l. 58-¡tO5() r 52.2539 I ¿lO ll,2 51 93 95 g8 134 1¿lo

26-Pcronosa Bav W I s8.423t 142.1872 lo 60 49 ,o
27-Pc¡o¡osa Bav W 2 58-¿239 152_¡18()() 9¿1 74 6(' B2 94 EO 72
2SPcronoea Bav W 3 58.43q) 152.4617 59 33 7 59
29-N of Po¡llcdnl Pt. I 58.4367 ts2_3022 I 4 4 3 I 9 o o
31-N of Poslicdni Pt. 2 58.¿0481 152.3287 53 30 53 47 o 29 2A 22
33-Andrcon Bav E I 58.5078 1A23922 35 35 35
34-Andrcon Bav C 2 58.5106 t52.39q) 34 34 3¡[
35-Andrcon Bav W 58-5138 1A2.4-20e 23 23 23 23
38-W of Sca Ottcr l. 58.5t 75 1 52.2856 29 22 21 21 16 22 29
l7-E of Tctrckol PÎ. 1 48.5242 r s2-3508 71 49 42 50 13 71 70
38-E of Tcrtrckof Pt. I 59.5286 152.3244 4 3 3 I 4
l0-Shuvak l. W I 58-5475 152-3842 4 3 1 1

ll-WNW of Sca Ottct 58.ss(xt 152.2169 21 18 15 2l
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Teblc 8 (cont.)

Bio Rlvcr 80.6414 152-O222 e4 ¿[6 23 30 a1
Itl of Bo Rivc¡ ôo.0569 t 51.9847 286 118 7A 77 41 E4 222 83 2da
Àlalik Glcclcr 59^951t 149.7331 85 50 85 t1 as ,a 63 a7 3
Bcar Glacicr 59.9322 t49.5042 8 5 8 5 2
Bradl¡v R- 5,9.2022 t 51.1 189 ¡lü) 313 ?s2 30() ¿¡oo 2æ
Chlckaloon 80.916¡[ 15(}-09'19 13 10 C t3
Hivc l. 59.881 1 1¡+9.3608 4 3 4 3 2
l{omc Cove-Nuk¡ Pe¡r 59.3833 150.7283 6 I a
lamc¡ Laooon 59_5738 150-3997 1() 10 10
Kamechak l- 59.70t7 151.t333 53 49 53 ¡15

McCartv Glecier 59.7192 t 5O-219¿[ 180 118 111 122 lAO 130 76 81
fl. Ann Lcdoc 59.5544 t 50.5381 39 2l t4 tl 39 t9
¡lorthw.!t 59.7958 t50_0061 7A 35 32 76 2A I 32 56 15
Padarran Gl¡clar 59.8683 149.121t 114 72 95 52 I 1¿f 72 85 36 70
urrtz Brv 59.4978 150_5dX) 20 6 1 20 t 1

fonei-Lono l- 59.¿t214 150.8788 12 I It I 12
fonsinl Bav 59.3208 150.8594 7 7 ,
fukon l- 59-5¿t1t 151 -¡t587 I I 1

ræil EÐ rrril E rtGil rtìrñ f,?tFl llFfir EEÐ nrn
ts
È\¡ ,MAX ilEAl{:il

15,595 10,596
ti:

-
¡¡rë¡,frtrr¡li:iili
11.197 - HlGll9,993

1 - thi¡ har¡lout war rurvcycd by both Wynnc and Olc¡luk. N, mcan, max, ¡.d. and othcr .tat¡rtioel valuc¡ arc comblncd and cCculatcd only oncc.

ffiHffiffi
@@@



Table 9. Comparison of counts between 1992 and 1996 harbor seal census surveys.

Are¡ I 1992 I ¡t19 136.37 9.61 1111 = Low 1697 = High I

= Hiqh I - 7l seals 0 - 71 seals1996 l3¡lE 68.29 5.06 1213 = Low 1181

168¿l = Low

ll6.t6

Area ¿l 1992 I 105 206.11 1E.65 663 = Low 15,17 = H¡oh
+ 1.139 seals ¿145 + 69¡l sealst996 2214' 23¿1.68 10.¡16 1779 - Low 27fJ9 E H¡on

Area 5 1992 695 E2.E I1.91 527 =Low E63 - H¡qh
+ ît seals 0 + lt sealst996 713 51.33 7.t9 610 = Low 417 = Hioh

1992 - 6,336 seals
1996 - 10.595 seals

¡1,259 mo¡e seals in 1996
-1.675 minus seals in new locations

= net lncrease in 1996



Table 10.

No. sites increasing = 11

No. sites decreasing = |
No. sites same = I

'Major' s¡tes in each area, those w¡th
more than 1O0 seals in eithet 1992 or 1996.

Sanak I 54.5000 162.8667 279 214 65
Sandman l. 54.7917 162.1750 61 211 -150

Simonof l. 54.9000 1s9.3333 71 159 -88

Caoe Douolas Reef . 58.7606 153.2883 173 177 I
Chankliut I 56.1 467 158.1328 131 32 99
Hallo Bav 58.4725 154.O142 144 0 144
Wide Bav 57.4611 156.1997 132 110 22
Auoustine 59.3167 153.4939 170 573 -103
Shaw l. 58.9978 153.3778 309 0 309
Bio River 60.6414 152.0222 164 1¡16 1E

Bradlev R. 59.2022 1sl .1 189 313 321 .E

McCarW Glacier 59.7192 150.2194 11E 139 -21
Northwest Glacier 59.7958 150.0061 35 118 -83

Uoak I 57.3756 152.2672 253 116 137
Sitkinak I 56.5022 153.9714 269 321 -55
Tuoidak I 56.6044 154.4786 1345 770 575
Geese l. 56.7203 153.9258 156 100 56
Chirikof I 55.8144 155.5544 176 213 -67
Kalsin Bay 57.6447 152.3614 104 37 67
Mt. Mvrtle l. 57.2161 154.5906 194 53 111

ffiffiffi
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Table 11. The number of seals counted at each site for the Copper
River Delta, Orca lnlet, Middleton and Kayak lslands.

fcõffiíl |-ãõr5-rìffi-l

H(¡
o l...--Ëiffi¡v.-ftor.-l fãõTrî-l

lbyek l. 59.76667 11r''.5æ7 52 a5 37 52

l6vak l. 9.8fÌ56 114.1789 13 12 10 t3
K¡yak l. 59.E73E9 144.55ð9 17 117 117

Krv¡k l. 59.898(F t¡lt.3903 29 29 zs,

-

I K¡v¡k l¡hnd tol.l I._

-

¡ liiddlêton lil.nd tot¡l I

fzÍTñl

l-îãìõTtuB-!.'l

Locrllon l¡tÍtud. Longiludt MA,\ MEAN u27t$ ðrzö196 a/31rs 911196 s/?/çta st3/s
Coppcr R¡vor D,clt¡ d).4211 144.8997 1õ IE IE
Cooocr Rlver Dcltr 6{¡.290&t t¡15.0886 180 119 164 tðo 127 11 111

CoDDer Rlvcr Dclta 60.29583 f ¡15.0875 145 1(Ë 145 52 118 109

Copocr Rlvcr Delte 60.3æ:r3 145.0797 852 tu3 223 177 2U E52 239 dt2
Cooocr Rlver flelte 60.30972 I ¡t5_f¡:¡¡t6 766 208 1E 1(J7 129 766 19

CoDo€r Rlv.r Dolta 60.32861 l¡15.ø33 359 249 l3l 359 295 2ît9

CoDD.r Rlvor 60.33/017 145.0367 135 75 135 122 27 22 6E

Cooo¡r River Dcltr d1.339¡t4 145.1n11 138 83 136 2A

Cooocr Rlvcr Dcltr 60.¿14139 144.446 7A 7A 7A

Cooocr Rlvcr Dclt¡ 60.¡14861 M1.4597 51 51 5t

CoDD.? Rhr.r tþnr 60.¿1575 14/..6278 66 66 66

CooDcr River Dcltr 60.55917 144.863õ 35 3tt 35

Mlddloton l. 59.3E944 1ß.W 194 12f) 46 194

Middleton l. 59.39306 116.376¡ u2 ¡193 u1 6¿t2

Middleton l. 59.39556 1¿16.4ü)8 267 246 22s 267

M¡ddl€ton l. 59.40917 146.3f t9 2T) tE5 139 2æ

Middleton l. 59.¡rco2E 146.2769 41 33 22 11

M¡ddlôton l. 59.43556 146.269¿l 351 221 91 351

M¡ddlcton l. 59.46389 146.2711 88 E6 ða E3

Orc. lnlet 60.¡f3:þ6 I ¡16.O66El 111 117 92 111

Orcr lnlct 60.44567 146.3458 191 t13 21 126 l9l
O¡a lnlet 50.4 146.0575 13{' 14 3 130 t3 29

orc¡ lnlet 60.frll 145.99S4 28 27 2A 27 25

Orcr lnlot 60.53389 1¿15.E625 55 17 55 49 32 51

-

I orc¡ lnllt tottl I.- l-EET31-l



râ

Figure l. H¡rbor seal locations for area I (south side of the Alaska Peninsula including the Shumigan Islands)

surueyed in 1996. Refer to Table 2 for site names and positions.



Figure 2. Harbor seal locations for area 2 (south side of the Alaska Peninsula

including the Semidi Islands and Chirikof Islands) surueyed in 1996.

Refer to Table 2 for site names and positions.
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Figure 3. Harbor seal locations for are¡ 3 (Kodiak Archipelago) surueyed in 1996.

Refer to Table 2 for site names and positions.
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H¡rbor seal loc¡tions for the area including the Copper River Delta, Orca Inlet, Kayak Island and Middleton

Island surueyed in 1996.
Figure 5.





A CORRECTION FACTOR ESTIMATE
FOR THE PROPORTION OF EARBOR SEALS MISSEI)

ON SAND BAR EAI]LOUTS DIIRING MOLT CENSUS ST]R\ZEYS

rN 1996 NEAR CORDOVA, Arl\sKA

David E. Withrow and Thomas R. Inughlin

National Marine Marnnal Laboratory
AlaskaFisheries Science Center, NMFS, NOAA

7600 Sand Point rilaYNE

Seattle, Washington 98 1 l 5

Abstr¡ct

Thirty-four harbor seals, Phaca vitulina, \À¡ere captured and equipped with radio transmitters to

determine the relative proportion of seals at sea that are not counted during low tide aerial

surv€,ys. Of these, 12 wãre males and 22were females which urere comprised of 29 adults, 3 sub-

adults, and 2 yearlings. Fernales showed a sliglrt tendency to be ñ¡rther along than males in the

stage of their molt. Aerial surveys were flown during the molt period in mid-August and early

September to record the percentage of tagged seals har¡led out. Most seals remained in Orca Inlet

(near Cordova" Alaska), where they were tagged or nearby (u/ithin 4-6 km). A few seals traveled

to other locations (65-75 km away) and returned. Eleven replicate aerial surveys $tere flown and

the mean percent number of tagged seals hauled out each day was 53% (SD=l3yo, CV4.24). A
correction factor of 1.90, the reciprocal of 53olo, was computed. This correction should only be

applied to those areas similar in geography and phenology and censused during similar time

periods.

Introduction

Ila¡bor seals (Phoca vitulina) are censused from aircraft by photographing those on land

during the molt period (August/September). These surveys miss an unknown number of animals

that a¡e at sea during the survey period. This paper reports on the third year of a multi-year sflrdy

to determine a correction factor based on the relative proportion of seals that are at sea and thus

are not counted during the surveys. This correction factor will then be applied to the count data

minimum to determine a more accurate estimate of ha¡bor seal abundance in Alaska.

Ha¡bor seals inhabit temperate and sub-arctic coastal and estuarine waters from Baja

California north to Cape Newenhan¡ Alaskg and the Pribilof Islands. They are medium-sized

phocid seals which range in color from silver-white with black spots (light phase) to black with

silver-white spots (dark phase; Shaughnessy and Fay 1977, Hoover-Mller 1994). The largest

propo;rtion of light phased seals occurs in the Gr¡lf of Alaska region with increasing proportion of
ãark phased animals to the west and south (Shaughnessy and Fay 1977). Harbor seals haul out on
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rocks, reefs, beaches, and drifting gtacial ice. They a¡e considered non-migratory; however, tide,

weather, time of da¡ sea¡¡on and food availability all contribute to their haulout patterns.

There are t$,o annual peats in har¡lout behavior: one during May/June (puppittg) and the

other during AuguS/September (molt) when mucimum numbers occur on land. Surveys generally

occur during one or both of these haul out periods. Researchers in tilashington and Oregon

prima¡ily census during the pupping season (tluber et al. 1992). In Alaska, however, it was

ageed that census surveys should be conducted during the molt because the window when most

seals har¡l out on land is reduced and greater numbers of seals are believed to haul out then

(Ferrero and Fowler 1992).

Previous Correction Factor Studies

In 1994, we conducted the first correction factor study on rocþ substrate in southeast

Alaska (Withrow and Loughlin 1995). Our primary haulout site was a small, rocþ island

(54"57.83 N, 132"46.78 W) with a few gravel beaches exposed only at low tide. These gtavel

beaches were preferred areas, but ample rocþ haulout space remained, even during the highest

tidal conditions. The mean percent number oftagged seals hauled out each day during low tide

was 57 .5%o. This resulted in a correction factor of 1.74. lile stated that this correction should be

applied only to those areas similar in geography and phenology'

In 1995 and 1996, we chose a sand-ba¡ substrate, which was completely submerged

during low tide nea¡ Cordovq Alaska, adjacent to Prince William Sound. We worked primarily in

Hawkin's Cutoff (60"27.052N, 146o19.577 W) in 1995. During the normal molt census

surveys, the weather was marginal, at best. The mean percent number of tagged seals hauled out

was only 40Yo andthe resulting correction factor was 2.50 (Withrow and Loughlin 1996). The

Alaska Department of Fish and Game (ADF&G) recorded the presence of our seals during their

aerial surveys 2 weeks earlier, under much more favorable conditions. ADF&G surveys also

covered most of Prince William Sound, whereas our surveys were concentrated primarily within

40-50 km of the tagging location. During this time period, the mean percent number of tagged

seals hauled out was 66.7yo, resulting in a correction factor of 1.50. We stated (Withrow and

Loughlin 1996) the correction factor values of 1.50 and 2.50 probably represent the extremes

\¡/ith 1.50 being the prefened correction factor, even though the hauling pattern data were

collected earlier than other NMML molt surveys. For at least Prince William Sound and perhaps

for other areas, ADF&G has found that surveys conducted in mid-August yield higher counts than

surveys conducted in later August or early September (Frost et al. 1996). The 2.5 correction

factor may at least suggest an upper bound and may give us a better indication of possible count

a-djustments, if molt census surveys were conducted under similar marginal weather conditions.

For 1996, we decided to repeat our efforts in the Cordova area in order to reduce the

variance and increase the precision ofthe 1995 conection factor estimates.
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Methodolory

Capture and tagging operations this year occurred througlrout Orca Inlet (60"27.052 N'
146"19.577 W;Fig. t)fr,ñ itotl August 1996. Thescientificcrewu'erefromseveraldifferent
affliations $able l).

ttaröor seals were captured by entangfement in gillnets placed near the haulout sites.

These mahods have been used by ADF&G (Frost and lowry 1994) and NMML (lVithrow and

Lougftlin 1995) and are continually modified and improved to adjust to changing physical

conditions relativg to the particular caphre site. The ADF&G provided the skifrs, neÇ urd some

personnel forthe projeçt. The gillna was approximately l0O m long a¡d7.4 m deep. Mesh size

ôpenings ranged from 10-15 øn (20-30 crn stretch mesh). The net was set as close as possible to

the har¡lout súes using a 6 m Bosion \Uhaler equipped with speciatly designed hardware to set the

net while traveling at high speeds. Initially this boat would approach the hauloul site at medium

speed from behinã or to the side of the island so as not to be detected by the seals. Upon

reaching the site, a cren¡ member wearing a dry suit and fins would jump into the ìA'ater with one

end ofthe net. He would quickly secure his end to boulders on shore as the boat raced to the

other end ofthe haulout site. The seals bec¿me entangled as they went into the water in response

to the setting ofthe net. furother 5 m skiffand a4 mi¡rflatable raft followed to tend the net.

When the seals became entangled, they were pulled into one of the skiffs, cut free from the gillnet

and placed into a hoop net constructed with a rubber hose and I cm mesh soft nylon webbing.

When all the entangled seals were transferred to hoop nets, the tangle net was retrieved and the

seals taken to shore for processing.

All seals were physically restrained during handling and tagging; no chemical sedation was

required. Seals were initially given an external examination which included recording mass,

standard lengtb soq age class, stage of molt, and noting any external scars, wounds, or parasites.

Approximately 50 cc ofblood was drawn from the extradural intervertebral vein to assess health

and condition. On some animats, a whisker was taken for stable carbon isotope andysis. The

seals were then tagged on the hind flipper with a Temple cattle-ear tag (1 x 1.5 x 5.0 cm) with a

1[IF transmitter attached (Advanced Telemetry Systems Inc. model 201,|il Mltz). Weight of
the tag and trursmitter war¡ approximately 25 g. A small 0.7 cm diameter biopsy punch was taken

from the left rear flipper (used for mitochondrial DNA shrdies) and the Terhple tag was clipped in

place through this small hole. A small plastic, powder-blue, All Flex tag (1.5 x 4.5 cm) was

clipped to the right rear flipper. Seals were released immediately after tagging. A list of radio

frequencies used, animal identification numbers, samples takerU and other information appear in

Table 2.

We attempted to place truo ATS data collection computers @CC) and receivers on shore

to record when tagged seals were hu¡led out. Unfortunatel¡ the closest spit of land (60'23.89

N 146" 08.24 W; fie. l) to the main tagging location (site four; 60" 25.91 N, 146o 04.14) which

was about 3-3.5 km away, proved to be too greú adistance for the DCC to detect animal

presence reliably. The second unit, placed near a group of seals close to the town of Cordova

(site one, 60' 32.36N l45o 52.00 !Ð, had a chip failure and all data were lost. Therefore, ute

have no har¡l out behavioral data to present in this paper.
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Aerial surveys were flown from 19 to 26 August by the ADF&G and from 27 August to 2

september lgg6 byNMML. These surveys we : flown after release ofthe transmitter-equipped

seals to determineìhe proportion of seals ât r* which were not har¡led out (or visually detectable

using photography) ¿urinË the molt census period. We utilized a single'engine Cessna 185

.q"tppø 
"'itft 

ifoâir for o:ur daily surveys which were conducted as close to low tide as possible.

1.ir'J"¿V area is illustrated in Fþre L Two antennae were mounted on the wing struts, one

pointing 
-forward 

urd to the left -¿ ttt. other pointing forward and to the right. An ATS receiver

equipp;d with an ArBlBoth switch was used to determine which side of the aircraft the seals were

bcaild. During flight, one biologist listened to the receiver with headphones and recorded when

and where seals were found whilã a second biologist took photographs and estimated the number

of seals hu¡led out. A portable computer interfaced to a Global Positioning System (GPS) and

moving-map-display *-fttn tr proviOed real-time fliglrt track and harbor seal location data. Due

to extr;mely bad weather, tne 
-fin¡ 

reconnaiss¡nce flight was made on 14 September to estimate

the number of seals and to retrieve the DCC and other equipment.

During tagging, the stage of molt for each seal was estimated. The categories used were

pre-molt, *fv ri¿-.ãlt, mid-molt, late mid-molt and post-molt. These categories were assigned

a numerical vatue: pre-molt received a value of l, early mid-molt a value of 2 , mid'molt a value

of 3, late mid-molt a value of 4 and post molt a value of 5. Males and females were then scored

and a mean value determined to estimate the average stage of molt during the tagging period.

This was also done for age class (adult, sub-adult, or yearling).

Results

A total of 34 seals were captured and equipped with transmitters. Of these, 12 were males

and22were females which $'ere comprised of 29 adults, 3 sub-adults and 2 yearlings (Table 2).

Caphrre operations took place in Orca Inlet, but unlike the 1995 study where most seals came

from Hawkin's Cutoff, seals were taken from several locations throughout the inlet (Fig. l).
During taggng, the stage of molt for each seal was estimated. Males had an average molt

score of 3.8 .n¿ f.r.Ér ¡.g (fãbte 2). All adult seals combined also had a mean molt value of
3.9, sub-adult 3.8, and the 2 yearlings averaged 4.0 (Table 2).

During ADF&G ru*Lyr Qg-26 Augr¡Ð, 3l ofthe 34tagged seals were relocated at least

once from th;air (Table 3). During NMML surveys (27 August to 2 September), 28 of the 34

taggedseals were ielocated (Table 4). Only one seal, frequency 164.843, was not detected by

either group.
-1.ne 

aaly percent number of tagged seals hauled out was calculated by dividing the

number of tagged seals hauled out by the number of seals detected at least once during all aerial

surveys. Total sample size (N) used for ADF&G and NMML surveys was 3l and 28,

respectively.- 
Five seals were relocated during ADF&G surveys (immediately after tagging) which were

far from Orca Inlet. Some seals moved as far as 65-75 km away and all but two were also

relocated back in or near Orca Inlet during their flight series (Table 6). These seals were beyond

the 40-50 km detection range we generally fly when relocating seals. It is extremely unlikely that

NMML surveys would havã detected these seals. In order to more fairly compare results between
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our surv€,ys, ADF&G counts were recalcr¡late{ $btracting these distant animals, for some ofthe
calculations.

The mean number oftagged seals hurled out each day during ADF&G $¡rveys was 17.5

(range 12-25) over their entire survey area @rince lVilliam Sound) and was 16.3 (rurge I l-23) in
the area sunounding Orca Inlet (with distant seals removed; Table 3). The mean number of
tagged seals har¡led out each day during NMML s¡rveys was 14.8 (rurge 10-19) in the area

nrrrounding Orca Inla (Table 4). The daily percentage oftagged seals har¡led out ranged from
39/oto 8l% $,ith a mean of 56Yo during ADF&G surve,ys ofPrince William Sound. In the area

surrounding Orca Inlet, the daily percentage of tagged seals har¡led out rurged from 35% to 74o/o

with a mean of 53% (Table 3). During NMML surveys, the daily percentage of tagged seals

har¡led out rmged from36%o to 68Yo,also with a mean of 53% (Table 4). These daily
percentages for both ADF&G and NMML $¡rv€,ys were combined and an overall mean

calct¡lated. For all seal siglrtings, the overall mean lves 55% and the correction factor, the
reciprocal ofthe mean, is 1.82 (Table 5). For sightings in the normal surve,y range around Orca
Inlet (i.e., distant seals removed), the overall mean was 53%, SH.13, urd CV4.24, which
translates into a correction factor of 1.90 (Table 5).

Discussion

Cordova is a small town with a large salmon gillnet ñshing fleet, which fishes in the
Copper River Delta and surrounding areas. Vessel trafEc is quite high with constarit fishery
openings, closings, runs to town for fud and to drop offcatches at various processors and
canneries. Orca Inlet, where the seals primarily harl out, is composed of several sandy bars which
are completely submerged at high tide.

The study was repeated in the Orca Inlet area in 1996 for a variety of reasons, but
primarily to determine a reliable correction factor (as opposed to determining outer bounds), to
look more closely at seal movement within and beyond the study a¡ea" and to deal with seals in
areas of high vessel traffic (last year's study site at Hawkin's Cut-offin northern Orca Inlet was
quite isolated).

Molt Phenolory
Thompson and Rothery (1987) noted that females completed their molt ur average of

7 days ea¡lier than immature males and 19 days earlier than mature males. Two years ago in
southeast Alask4 we also noticed that females were.further along in the molting process than
\À¡ere most males (Withrow and Lougilin 1995). Male seals spent more time hauled ovt (27.1%)
on average than did females (9.7%) or pups (7.V/o).

In 1995, for seals tagged at llawkin's Cut-ofi, females showed a slight tendency to molt
sooner with a mean molt score of 2.3 compared to males with a mean sc,ore of 1.9, using a three
criteria scoring system (lVithrow and Louglrlin 1996). In 1996, we used a fve criteria scoring

system (table 2). There was still a tendency for females and young to be further along in the molt
process by only the slightest of margins and certainly not significant. Males had an average score

of 3.8 and females 3.9 (Table 2). When seals were combined by age class, there was still very
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little diference. Adult seals had a mean value of 3'9, sub-adult 3.8, and the 2 yearlings averaged

a.0 $able 2).

H¡ulout Beh¡vior Dat¡
Many researchers have noted that seals ha¡¡l out in greatest numbers in the absence of high

winds, f,r"ny rains, and/or distr¡rbance (Fisher 1952, Bishop 1967,Knudtson 1974, Johnson 1976,

Calarnbokidis et al. 1928, Strevel er l979,Allen et al. 1980, Everitt and Bratram 1980, Sullivan

1980). Tidal influences are greatest on gently sloping substrates, such as tide flats, where minor

tidal changes affect large surface

Iast year we nõted that h Most seals

hu¡led out within an hour of low Ofren' a few

seals would remain on the bar after it became & Loughlin

1996). Unforn¡nately, this year we had difficulties with our remote ATS data collection

computers (DCCs). Úe ñrst tried to install one unit across ûom Site

captured Gig. t). The closest spit of land was about 3-3.5 km away.

a áistancefoi the DCC to deteÆt animal presence reliably. The ATS r

detecting the signals, but the DCC coulónot distinguish their sounds from the ambient. The

second ùnit *.r phóed near a goup of seals clo ¡e to the town of Cordova (Site one, Fig. l).

This DCC initially worked fine, buisometime during the next montb a chip had failed and all data

were lost. There-fore, we have no new haulout behavioral data to present in this paper, but

subjectivel¡ no differences lvere noted from last year.

Conection Factor AnalYsis
Many census studies for harbor seals are designed to determine a minimum population

estimate for the particular area of interest. It is rnknown how these minimum estimates correlate

with the true sÞe of the population. Withrow and Louglrlin (1995), provided a table of earlier

tagg¡rrystudies, most of which suffered from small sample sizes and were not designed specifically

tJãonect specific census estimates. Boveng (1988) formulated a "best guess" correction factor

of 1.4 to 2.ò for the number of harbor seals along the U. S. west coast. Huber et al. (1992)

calculated correction factors ranging from 1.5 to t.g for the counted population during pupping in

Or"gon and rilashington. Withrõ* -¿ Loughlin (1995) calculated a correction factor of 1.74 for

harbor seals in south-east Alaskq ha¡led out on rocþ outcroppings and islands not completely

covered by water at high tide. Last year, Withrow and Loughlin (1996) reported two correction

factors foi Hawkin's Cut-off, at thenorth end of Orca Inlet. This area is charadterued as a sandy

bar which is completely covered at high tide. The correction was 1.50 using data from ADF&G

surveys during eicellent weather.onãitionr immediately following tagging. Several weeks later,

l.IÀ,fNfo, flew iurveys during marginal weather conditions in September and obtained a correction

factor of 2.50. Wiihrow -a l,oughlin (1996) reported the 1.50 and 2.50 correction factors as

probable upper and lower bounds for surveys conducted during excellent and very poor weather

conditions.
Generally, we wait approximately 2 weeks afrer tagging before we begn the aerial

reconnaissance in order to aÍów the seals to reacclimate after the tagging process' This year,

ADF&G again offered to listen for our seals during their census flights, immediately following the
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completion oftagging. These surv€ys were inr¡aluable in that they not only doubled our sample

size but covered a large area that would not ordina¡ily have been sampled. They relocated seals

tagged in Orca Inlet at scveral sites up to 65-75 km away (Table 6). Similar results were reported

last year (Withrow and Loughlin 1995). Most seals did retr¡rq at least occasionally, to their

original tagging locations. Seals appeared to.move freely throughout the inlet but most had

preferred sites.

ADF&G flew six replicate surve,ys and relocated, on average, 56% of øgged seals (Table

3). With dista¡rt seals re¡noved (those seats that were not close to Orca Inla and would not

normally have been detected by NMML reconnaissance surveys), the mean daily percent of
tagged seals detected was 53%. NMML flew five replicate surveys and also detected 8n average

of 53%o of the tagged seals (Table 4). Data fiom ADF&G and NMML surveys were combined

and for all seals, the overall mean percent seen was 55%. The resulting correction factor is 1.82.

Howeveq we feel the data set \ilith distant seals removed is more appropriate. The overall mean

daily percent oftagged seals daected, using ADF&G and NMML data with distant seals

removed, was 53olo, Sn=0.1, and CV=0.24 (Table 5). This results in a correction factor of 1.90.

This value is also between the 1.50 and 2.50 correction factor bounds determined last year.

Therefore, we believe the 1.90 correction factor accurately reflects the proportion of seals

not huled out during molt surveys, in the Orca Inlet region for seals utilizing sand ba¡ haul outs.

AgairL we stress that this correction should only be applied to those areas simila¡ in geography,

phenology, and censused during simila¡ time periods. Seals in other geographic areas or other

tlpes of haulout sites, may behave quite differently. Caution should be exercised initially so that
this correction factor is not applied too broadly. Our future work will focus on other areas of
Alaska and on different substrates (i.e., glacial ice) where tidal and environments influences may

be different.
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i':D TE, irN(). FRE :Y ,stsJ : AljtsI tLUts::lAg::: ,()¡rl GI I U ìs
öt!,rltt 1-21fJ 164.216 M Adult xr1 x xx x 3
8¡9196 2-Zæ 16/..z'33 F Adult 2s2 X X) X 5
E/9r96 +H 54 M Adult 2V3 x) x 3
819196 4-273 16/'.n3 F Adult lf)¡l x xx x 3
E/grS +N 16,..æ4 M Adult 205 x xx X 5
819/96 È313 164.313 F Adult 206 X p( X 3
8r1tl96 7-371 16/'371 F Adult 209 X )(X X I
8r11196 &æ6 16¡1.&16 F Adult æ7 x x)( X 3
8r11196 s353 16¡1.3trt F SuÞAdult 208 (x x 3
8r11196 1G39¿l 16¡1.39¿f M Adult 210 x x)( x
8r13/f¡6 12111 16¡1.¡11¿f F SubAdult 212 x )q
u12tæ 1143/, 16¡f.43¡l F Adult z',t1 x X)
8fi3/96 1+¿fs¡f 164.¿15¡l F SuÞAdult 213 x XX x 5
8rl¿U96 11-473 16/..173 F Ycarling 214 x xx x 5

8r1¡1196 1S494 164.494 M Yearling 215 x X)( x 3
8r1¿fl96 1Gsf 6 te{.516 F Adult 214 x )(x X 5
8rl¡1196 17-53/, M Adult 217 x x)( x 3
8/14196 18 555 64.555 F Adult 2',19 x )q X 3
8/1¿M96 19'57s 16¡f.575 F Adult 214 x p( x 3
8r1¿fr!,6 1ú-5g2 F Adult m x x 5
8/14196 2r€13 l6¡f.613 F Adult 21 x ü x 3
8/15196 22ß35 164.635 F Adult 2, xx x 5
E 15196 23653 164.653 M Adult 23 x )o( x 1

8r15196 21â73 14t.673 F Adult 21 x XX x 5
8r15/96 2ffi96 16¡1.õ¡e M Adult 25 x XX x 3
8r15196 2È711 16/..714 F Aclult nì x XX x 5
8/15196 zt-79 16/'.7U F Adult 27 x XX X 5
8r15196 2Þ.771 16/..771 F Adult 2A X XX x I
8/15196 *7U 16/..794 M Adul 29 x XX x 3
8r16/96 3G814 164.81¡l M Adult zæ X xx x 5
8/16196 31€3¡l 't64.834 F Adult 731 X XX x 5
8/16/96 32{,il 164.854 M Adult 232 x XX x 3
u17ß'6 3æ71 16/..874 M Adult z.33 X p( x 2
u17ßß 34€Cl t64.8sr F Adult z4 x )(x X 5

Table 2. Llst of seals tagged, rad¡o frequenc¡es used, an¡mal lD and other data collected durlng the
1996 Orca lnlet harbor seal correction factor study.

t-
z-
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EARLY MlD
MID

IâTE MID
POST

ts
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SuÞAdult 3 3.8
YcerlirB 2 1.O

Malcc 12 3.9
Femalec 2. 3.9



Table 3. The number of tagged harbor seals rclocated during the ADF&G

aerial rcconnaissance autveys. Distant seals are seals not close to the survey

area (signified by a shaded box). These seals probably would not have been

detec'ted during the NMML surveys of Orca Inlet.

. ET, o8/t8,Ð6,,,, ::,rruAlËà:. ,8nugl
'r¿t,!a.:

::ál,Iry,tâ 8126196

M 16/..216 I
F 164.æ3
M 1ú.H
F 16/..273
M '...iIæ29Z|-::

F 't64.313 1

F 1æ.374 1 1

F 164.3¡16

F 164.35f! 1

M 164.394 I I I I
F 1æ.414 1 I
F 1æ.4U I I
F 164.431 I
F 1ú.473 I
M f 64.¿t94 1

F t64.5t6 I I I I
M 164.534 I 1

F 164.555
F 164.575 1

F 164.ã92 .:t

F 164.613
F rÊ{.Ê}5 1 I I ]
M 164.6SÍt .i .1 t
F 164.673
M 164.696 I 1

F 1ü.114 1 1 I
F 1æ.7U 1 I 1

F 1æ.774
M 164.794 t 1 1

M 164 814 I I

F f64.€34.: lrrvtr ¡ccn
M 164.E3t 1 1

M 1ü.874 1

F ncvCr¡ccî

r¡ean!l::: .:r:O;56. ..::

seálÊ d€tccted at least mot.
3 = number of sæb nevCr dct€dcd

= total se¡ls
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M 164.216 I 1 1

|1.::'i:

M 161..zil I I 1 1 1

F 1æ.273 1 1 1 1

M 1æ.294 I 1 1

::.:.:.:.:.iirF.:.:.:.ij: :.:.:.

F 1il.336 1 1

F 164.353 1 1

M 164.394 1 1 1

F 16/..414 I
F 1æ.4v 1 1

F 164.454 I
F 164.473 I
M :1... .j:.j..| 641494.ì..:.: :11 ji

F 164.516 1

M 164.534 1 1 1 I 1

F 164.555
F 164.575 1 1

F 164.592 1

F 164.613 I 1 1 1 1

F 164.635 1 1 1

M 164.653 1 1 1 1

F 164.673 1 1

M 164.696 1 1 1

.:F :::
F 161.7il I
F 1æ.774 1 1 1

M 164.794 1 1 1

M 164.E14 I 1 1 1 1

F
M 164.854 1 1 1 1 1

M 164.E74 1

F 164.E93 1

Tabþ 4. The number of tegged herbor s€els rolocated dudng the NMML

¡eriial lEconns¡ssance 3urYeys.
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Table 5. Conec{ion Factor (CF) calculations using the average of the daily mean percentage

of tagged seals detected from both the ADFûG and NMML aerial rcconnaissance
surveys. The rcciprocal of this average is the conection factor. The calculations
with the d¡stent seals removed is our best est¡mate (CF = 1.90).

:: overall :
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Table 6. Seal number, frequency, sex, age class, date and location of distant seals
(those not close to the original tagging location) relocated during the ADF&G surveys.

---- = seal not detec{ed thet flight

ii;IlÞAl¡,NfJ¡:::i iREQUENCV sEx ,,: AGE l9.Auo ZlrAuq ZZÐ'UI|tl :iZ8rAuq i::Z+ìAUO :::l::,2õ:AúO

3-254 161.251 M Adult Orca Orca Stockdale

9-353 164.3s3 F SuÞAdult Stockdale Chalmers

20-592 16¿1.592 F Adult Appleqate

22-835 164.635 F Adult Double Orca Orca Montaoue Chalmers

23-653 l6¡t.653 M Adult Naked Naked Orca

Loalation

Aoole Aooleqate Rocks ¡[1 nm
Chalmers Pod Chalmers 3E nm

Double Double Bav 13 nm
Montaque Montaque lsland 30+ nm

Naked Naked lsland ¡[1 nm
Orca ln/near Orca lnlet

Stockdale Stockdale Harbor 35 nm
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Figure l. Chart of study area and seal capture locations.
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ANNUAL REPORT OX'THE NORIE PACInC HIIMPBACI( WHALE ÍLIIKE
PEOTOGRAPE COLLECTION, TEROUGE NOVEMBER lee6

Sally A Mizroch and Melissa S. Dolan

National Ma¡ine Mammal Laboratory
AlaskaFisheries Science Cøtter, NMFS, NOAA

7600 SurdPointWaYNE
Seattle, \4rashingtoq 98 I I 5

Abstnct

The second Worlcshop on the Estimation of Calf Mortality in North Pacific Humpback Whales

(Megaptera novaeangliae) was held at the National Marine Mammal Laboratory (NMML) from

25 io- 27 November 1996. Papers u¡ere presented on s¡rvey methodolory, and worlcshop

participants Gabriele and Straley agreed to take lead ar¡thorship on analyses of calf mortality and

birth interval. Results of the second worlcshop are presented in the nReport of the Second

Workshop on the Estimation of Calf Mortality in North Pacific Humpback Whales", which was

distributed to participants for review in June 1997.

During 1996, 8,321 additional humpback whale fluke photographs were entered into the

computer-assisted matching system. The fluke database grew from l2,3ll fluke photographs (as

of late l99l) to 20,511 fluke photographs in October 1996. Progress in cross-matching
photographs a¡nong research collections can be measured by looking at the number of
photographs assigned a unique identification number. As of September 1996, there were 8,567

fluke photographs with a NMML ID (2,545 unique ID numbers) and 11,944 fluke photographs

without a NMML ID. At this point, the exact number of individual whales cannot be determined

because the database is still being cross-matched be¡reen areas and different research collections.

Several interesting matches were discovered by the NMML in 1996. The füst documented

movement of a whale between California and Alaska was found. Also, a whale whose death was

observed and documented in llawaü in February 1996 was found to have been photographed on

Alaska feeding grounds in ¡vo previous seasons. Summaries of whale movements between areas,

number of photographs submitted from each area by year, and submissions of photographs by
year and area from each research group are presented.

A new videodisc catalog was mastered in October 1996, again including photographs curated by

the College of the Atlantic. In a period of 4 days in October, over 20,000 images were added to
the new videodisc, including about 7,000 from the Atlantic, about 11,000 from the Pacific, and

about 2,000 from western Australia. Production of 50 copies of the new videodisc was

completed by mid-November, and NMML began using and distributing the new disc in late

November.
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Introduction

In 19g5, the National Mæine Mammal Iaboratory O[lvtrvfl,) began development of a

North Pacific, would provide a better pool of information to study migratory patterns,

distributiorç birth ratei and mortality rates. In April 1986, NMML hosted a workshop to
develop a Protocol for

rking GrouP (Frady 1987)'

Researct¡ Center for Whale

Studies, College of the Atlantic, J. Straley Investigations, Kewalo Basin Marine Mammal

Laboratory, Nãrth Gulf Oceariic Society, pacific Whale Foundation, Sea World Research

Instih¡te, üniversidad Nacional Autonoma de Mexico, and West Coast Whale Research

Foundation. The research goals for the centralized collection were to:

r provide a cost effective matching system

. assist NMML with data requirements pertaining to national and international

manageÍrent of humpback whale stocks
r i¡crease scientific collaboration among resea¡ch gfoups

. establish
At the workshop, improving the prototlpe, which

were incorporated in late h the college of the Atlantic.

Kewalo Basin Ma¡ine Mammal Laboratory G(Blytrvfl.) made the frst contribution of photographs

to the North pacific collection (about 750 photos taken in Alaska and Hawaü) at the time of the

1986 workshop. By the end of 1988, the North Pacific collection had grown to over 5,000 fluke

photographs, representing contributions from 16 research gfoups.'

Life History P¡r¡metcr \torkshoPs

In order to use the North Pacific fluke photo collection to estimate various life history

parameters and to increase collaboration a series of
ïorkshops should be planned to conduct her topics'

In late 1988, ÑIvlþll and KBMML beg calf mortality

in North pacific humpback whales. With funding from NMFS, the Marine Mammal Commission

and Minerals Managåment Service, NMML convened the first of a two-part workshop on the

Estimation of Catf Mortality in North Pacific Humpback Whales from 20 to 23 November 1991.

The purpose ofthe workshop was to use

mortality and the interval between suoces

1991, the date ofthe first workshop, there were

To estimate calf mortatity, iightingr of mothers with calves in Hawaii and with or without

calves in Alaska were tallied. Contributing researchers and NMML were to anúyze data on

matches of females seen in l{¿waü with a calf, and seen in Alaska that same year with or without a
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calf. Calf mortality would be aszumed ifthe female ura¡¡ seen in lIawaü with a ca$, then seen in

Alaska without the calf later that year. At the end of Se,ptember 1994, joint data analysis had

found 68 female whales that had been seen in both lIawaü urd'Alaska or Canadian feeding areas.

As of September l996,with the much larger dataset available because of dat¡ entry this year,

there were 90 females with sightings in both H¿waü and Alaska or Canada- The second

Workshop on the Estimation of Calf Mortality in North Pacific Humpback Whales was held at

NMML from 25 to 27 November 1996. Papers u¡ere presented on survey methodology, urd
worlshop participants Gabriele and Straley agreed to take lead authorship on analyses of calf
mortality and birth interval. Results ofthe second worlcshop are presented in the'T.eport ofthe
Second Workshop on the Estimation of CalfMortality in North Paciñc Humpback Whales",

which was distributed to participants for review in lune 1997.

During developmental years ofthe projecq funding was variable. At the beginning of
l992,work halted on the humpback whale project due to lack of funding and statr In Spring
l994,work on summarizing a¡rd error-checking the d¿tabase b.gttU as well as incorporating
matching data ûom the l99l CalfMortality lVorkshop (I{ÀffW, 1995). A summary document,
List of Møches in the Nonh Pacific HumpbackWhale Flulce Photogrqh Collection, Master
Lisl, Release,l, was distributed to all contributing researchers in September 1994 (NMML 1994).

In 1996, the project had directed funding for the first time. Because there was funding
provided by the National Marine Fisheries MMPAÆSA Prograrq the program was stafred full-
time for the first time ever. The backlog of photographs that had been accumulating since late
l99l was entered, as well as a number of new photographs that were submitted in 1996.

Number of Photographs in the Database

During 1996,8,321additional photographs r rere entered. The fluke database grew from
l2,3ll flukephotographs(asoflate l99l)to20,5ll flukephotographsbyOctober 1996.

M¡tches in the D¡t¡base

NMML identification (D) numbers are assigned when there are at least two photographs

of a particular individual whale in the database. As of September 1996, there were 8,567 fluke
photographs with a NMML ID (2,545 unique ID numbers) and 11,94 fluke photographs without
a NMML ID (Table l). At this point, the exact number of individual whales can¡rot be

determined because the database has not yet beæn thoroughly cross-matched betrreen areas and

different research collections. Now that the backlog of photos has been entered, the primary
focus n 1997 will be cross-matching the database and determining the exact number of individual

whales in the collection. Table 2 shows the range of quality codes ofthe photographs in the

system. The total number of photos presented in Table 2 does not add up to 20,51I because a

small number of photographs were given ID numbers but not fully entered into the database with
quality codes and fluke descriptions. Note that there te 1,454 photographs without a NMML ID
that a¡e poor in photo quality urd recognizability. After extensive cross-matching has been

conducted, lve may find that most of these may not be matchable.
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Several interesting m¿tches were discovered in 1996. The first match of a whale observed

to have moved between õaüfo-¡" and Alaska was documented. Also, a whale whose death was

observed and documented in Hawaü in February 1996 was found to have a prior history. It had

been photographed on Alaska feeding grounds in two previous sea¡¡ons. A list of new matches

found since f g-9¿ (Ì.[lvtrW, lg94)is availa¡te for researchers uPon requ-est T t|t time in either

hard-copy, DBF oi Excel format, but will be not be mass produced and mailed until after further

cross-matching is conducted.

M¡tches Between Are¡s

A summary of matches of whales that traveled from one area to another is presented in

Table 3. This list is preliminary and should not be assumed to imply rates of exchange since the

database has not beei thorougitly oott-tatched within and be¡n¡een areas' This information is

presented at this stage to t conrih matches known in the database with matches known by
'contributing r.rr.r.i.r.. Appendix Tables 24 g;vedetailed i¡rformation about the matches listed

in Table 3.

Distribution of Photographs by Ycer and Are¡

There are 19,801 photographs in the database that have date and location information.

There a¡e 997 photographs in the database that do not have a date associated; we have not yet

received detailed information from the research goup which submitted the photos. There a¡e 19

photos with no area associated, most ofwhich are opportunistically submitted shots.' 
Table 4 presents the distribution of photographs by year and area. There are a number of

photographr rtrhit.d at NMML but not yet entered that were taken in the late 1970s. NMML's

b¡o¡ty tr'as been to enter the newer photographs to enhance studies on reproduction and calf

mortality. Howeveç in studies of øutt mortality, the earlier photographs would become usefi'¡l to

extend the sighting histories of a number of known whales.

The earliest photogfaph in the database at this time was taken by Dale Rice of the NMML

in Mexico in 1966. There is no match y€t to this photograph. The second ea¡liest photographs

were taken t¡ 1976 in Alaska and llawaü. The Alaska photograph was of whale NMML ID

l¿Zg¡,taken by Mke Tillman (formerly of NMML), and it is a whale that has been photographed

ãt feast 16 timês since the first sighting. The most recent photograph of 12291was taken in Ma¡ch

199ó offMolokai by David Mattila of the Center for Coastal Studies.

Submissions of photographs per year averaged about 1,648 (SD:155) from 1986 through

lgg4. The figures ror iggs and 1996 do not represent full samples because some reseafch groups

are still processing and analyzing those data.

Distribution of Photographs by Year and Research Group

A number of research gfoups have a long history of taking photographs, and some ne\Ãter

gfoups have sta¡ted research p-j.or in the past few years (Table 5). Table 6 presents a brief

ãur*ir* of photographs by research group by year. This table does not fully reflect the resea¡ch
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histories of all the groups becar¡se a few research gfoups are a year or two behind in submitting

photographs to NMML.

Distribution of Photographs by Research Group and Are¡

Some resea¡ch groups have conducted research in several different areas¡. Table 7 gives an

overview ofwhere some of the major research groups have conducted sn¡dies. This table does

not totally reflect the research histories of all the groups becar¡se some gfoups are still in the

process of submitting photographs.

Videodisc Production

The computer matching system links a database containing whale data to a videodisc

containing the fluke photograph images. There have been three prior editions of the videodisc

producèd, each including the North Pacific collection as well as North Atlantic and Antarctic

photographs curated by the College of the Atlantic (COA). The last disc had been produced in

October 1990. \ryith 1996 funding arrangements vrere made to master a new videodisc in

October 1996, 4gain including photographs curated by COA In a period of 4 days in October,

over 20,000 images were added to the new videodisc, including about 7,000 from the Atlantic,

about I1,000 from the Pacific, and about 2,000 from western Australia. Production of 50 copies

of the new videodisc was completed by mid-November, urd NMML began using and distributing

the neî disc by late November.
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Table l. Overall summary of photos in the computer database as ofNovember 1996

Number of photograPhsIlpe of photograph

Fluke photos

Dorsal fin Photos

Mscellaneous photos (bacls, lunge feeding, etc')

Total number of PhotograPhs

Fluke photos without aNMML ID number (see

text for exPlanation)

Fluke photos assigned aNMML ID number (see

text for exPlanation)

Number of unique NMML ID numbers assigned

20,511

23t

58

20,800

11,94

8,567

2,545

to fluke photos
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Table 2. Fachphotognph in the d¡tabasc is assigned nro quality codes related to the quality of
the image. Photo qu.l¡ty is based on focus, lighting angle, and other Èctors that relate to the

image. "Recognizability'' is based on the amount urd ddail of the nan¡ral markings on the fl¡'ke

itsctf. Note that the number of photos does not add up to 20,511 becar¡se a small number of
flukes were matched before they were enterd and were not entered $'ith all the matching codes

into the databasc.

All fluke photos in the databasc, including nptched and unm¡tched photos

'Recognizability'
Photo qualitv Excellent Good Poor Total

Excellent

Good
Poor

2,521 321 35

6,475 5,1E1 122'E

2,EE3

12,8U

933 1.E55 1,771 ¡['559

Total o e32 7-360 3.034 20,326

Photos assigned a NMML lD number (i.c., at þast one match)
'Recoonizebilitv'

@ent Good Poor Totel

E¡<cellent

Good

1,549 115 11

3,330 1,896 2U
1,705

5,510

Poor 357 505 317 1'179

Total 5.236 2,s46 612 8.394

Photos without a NMML lD number (no matches found yet)

'Recoonizab¡liW'
Photo oualitv Excellent Total

Excellent

Good

Poor

975

3,145
576

179 21 1,178

3,2E5 94 7,374

1.350 1.454 3,380

Total 1,696 4,E14 2.422 11.932



Table 3a. Preliminary list of some ofthe matches between areas. These figures are just the

minimum numbers known because the photos in the database have not yet been thorougltly cross-

matched. þpendix Tables 2-4 present the dat¿ in more detail'

: l; 1 i :i:,,,:,l. :::,i':lll.li.i.:.Uffi..,,:.:'.'l...,,,,:,i; ,:,:iüh

I

clnd. 3 l8 3 l

R04rl
Í22111U292fl
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Table 4. Number of photos in the database per year from each area. There a¡e still a number of
photographs from the late 1970s that a¡e archived at NMML but were not yet entered as of
November 1996.

1

6a:t

¡l¡ii:l?8

¿15{

if¡6¡3
7tlo

1965 21E
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f !0$r::i;l:1ii;.i::i:::ì;::2fi :.:.,.:ri::;i::;
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Table 5. Abbro,iations and main contact people from the major contributing research groups.

For full addresses, see Appendix Table l.

¡¡Ureviation Research grouP

ccs
cRc
cwR
cws

GBNP

IIWRF

JSI

KBMML
MLML
NGOS

NMML
OEA

PBS-GE

PWF

UABCS

TJNATd

WC\ryRF

Center for Coastal Studies

Cascadia Research Collective

Center for Whale Resea¡ch

Center for Whale Studies

Glacier Bay National Park and Preserve

Hawaü Whale Resea¡ch Foundation

J. Straley Investigations

Kewalo Basin Ma¡ine Mammal Laboratory

Moss Landing Marine Laboratories

North Gulf Occanic SocietY

National Marine Mammal Laboratory

Okinawa Expo Aquarium

Pacific Biological Station

Pacific Whale Foundation

Univ. Autonoma de Baja Calif. Sur

Univ. Nacional Autonoma de Mexico

West Coast Whale Research Foundation

D. Mattila

J. Calunbokidis, G. Steiger

K. Balcomb, D. Claridge

D. Glockner-Ferrari,
M. Fena¡i

C. Gabriele

D. Salden

J. Straley

L. HermarL A. Craig

S. Cerchio

O. von Ziegevr, C. Matkin

S. Mizroch

S. Uchid4 N. Higashi

G. Ellis

M. Osmond

J. Urban

M. Salinas, J. Jacobsen

J. Darling, E. Mathews,
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Table 6. Number of photos in the database contributed by each major research Broup, by year, as of November 1996. Funding sources

for the research conducted were varied, including university contracts, private grants, and federal ñrnding through NMFS or NOAA
Sanctuaries programs.
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þpendix Table l.

þpendix Table 2.

þpendix Table 3.

Appendix Table 4.

List of APPcndir T¡bles

Distribwion list of humpback whale researchers.

List of whales soen in Mexico and other areas.

List ofwha¡es scen in California and other areas.

List ofwhales soen in Canada and other areas.
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þpendix Table l: Distribution list ofthis report

Ma¡io A. Salinas Z.
Paloma Ladron de Guevara

Universid¡d Nrcion¡l Autonome de Me¡ico
Apartado Post¿l 70-572
C.P. 04510, Mexico, D.F.

ME)(ICO

ScoÉ Baker/ Anjanette Perry

School of Biological Sciences

University of Aucklsnd
Auckland
NEW ZEALAI.ID

Kcn Balcomb/ Diane Claridge

Center for \ilhale Research
1359 Smugglc¡'s Cove

Friday Harbor, WA 98250

Jay Barlow
Southwest Fisheries Center
P.O. Box 271

La Jolls CA 92038

John Calambokidis/ Greæhen Steiger

C¡scadie Rese¡rch Collective
Watcrstreet Bldg, Suiæ 201

218 YzW. 4th Avenue

Olynpia WA 98501

Sal Cerchio
Mrsuem of Zoolory, Birds

University of Michigan
AnnArbor, MI 48109

Jim Darling
\Vest Coest \Vh¡le Research Foundation

Box 384
Tofino, BC VOR2ZO
CAI.IADA

Doug DeMaster/ Rod Hobbs/ Janice Waiæ

N¡tional Marine Memm¡l Leboratory
7600 SandPointWaYNE
Seattle, WA 98115

G'racme Ellis
P¡cific Biologicel St¡tion
Nanaimo, BC
CANADA

Lilian Flores-Gonzalez
Fundccion Yub¡rte
Calle 36 Norte # 3N-66
Cali
COLOMBI,A

Chris Gabriele
Gl¡cier Bay Nation¡l Psrk ¡nd Preserve

PO Box 140

Gustavu, AK 99826
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Appendlx Table 2. Llst of whales seen ln Mexlco and other areas.

06-Oct-96

NMMLID ACCESS CONCODEI CONCODE2 AREA PHOTOAFF

P
@
c,

¿ll 4t )393 t39 {awall (BMML

1568161s6 t39 Jarvall (BMML

156! ;r57 r39 {armll (BMML

524É. 6 B tlexlc¡ JRI

1702t ìs87-tell \laslø tsl

3935¡ nm {arrall (BMML

3935( ,749 .larrall (BMM!

tlr l1( ,757 'ß7 \laska (BMML

2s391sM891047 ilexlco JABCS

379: \K81G 'wF793 \lasl€ twF

684C :s8&l+7 \laska tst

12281 ¡85 It \laska wCWRF

15290þ2PF7-4ôF-3C \leske {MML

t7592lFS8g1-9A ß7 \laska tsl

3767t :s9113(6) -ß7 \laska lst

l¿l! t4s ,89ô 'Æ \laska (BMML

2Æ rM878014 ilexlco JNAM

518i ltAL126 4 \laska (BMML

æ42 :s864204 \laska rst

6851 :s8ê934 \laska tst

1208: t5 )8 \laska ÍVCWRF

l5()31 \laska R

1525t t2PF849-0.2 \laska \¡MMt

360281F386-7-15
.A \laska 3BNP/KBMML

155 15t )915 ì16 \laska (BMML

zOJt M868002 vl34 vlexico JNAM

5153l8tALl52 r5 \laska <BMML

69ol :s8&12-34 \laska tst

702t ìc8È4-14 \laska tst

1n7i t2 27 Jaska IVCWRF

18031 ì850-13 ;16 \laska ìBNP



Î{MMLID ACCESS COI{COfrEl COl{COfrE2 AREA PtIOTOAFF

t6t t84G 389G57-32 il6 \hska ìBNP

1852'l 389l-31-lA il6 \laska 38NP

t88¡n ì89¿l-17-17 t16 \laske SBNP

t{ 54t 1458 118 {ærall (BMMt

6t: t8t8 118 'larvall <BMML

ã¡01 ¡ttl86Rm0 ll8 llexlco JNAM

2&lt rôMRC00t tle¡dco JNAM

30891KA8604ô15 'WF89 {arvall rwF

805( ìF59 (48 {a¡vall )ws
lot4r ß {amll rvcwRF

æ13[' tc32 tv8:t {arall )ws
zæi [fÍ1i:17 {ævall )ws
238O4lMTlfB:2i {a¡vall )ws
ffisc-m. 0:15 {arvall l,lLML

P
@
to

102/ 1ú24FÆl7 no {amll <BMML

247¿ M88RO(}5 Iexlco ,ABCS

268( M88RO(}s 2:â ilexlco JNAM

27ã. rM88RO05 A:E r¡lexlco ,NAM

¿tt56hru875l14 t0E2 tarrall ryvF

200t 200f IM86RæI l,19 úexlco ,NAM

2908le0sJcl+21 tã¡o ule¡dco ,ABCS

¡15781MK8808$32 52 {a¡vall twF

%g! 1599 w67s {arrall rws

2021 ñ21 IM86RæI vi21 i,lÐdco JNAM

2A21 16 MRS û21 Iterdco JNAM

l4t3{ 11-15:21 t9 !texlco JNAM

l,f57l ;JCæ{31 til Vle¡dco JABCS

t65G ÐPB2GII 4015 Sanada )wR
æ,323lgc-æ, t-21 )anada rvcwRF

4525i ,AC9449/06 4015 fVashlngûon lRc

20t¡ 2033hM86B0ol i,|33 /lexlco JNAM

5q¡1 r3/t6 lalifomla )RC/CWR

973: tfucg14ltl4 m02 )allfomla )RC

1634r roDEC3().lO (x)02 dodco )WR



N¡MMLID ACGESS CONCOI'EI CONCODE2 AREA PHOTOAFF

203: 4æ2f ,REg+l5t2t t(xxz )ellfomla )RC

203t 203: !Mf¡Í!8002 vl€5 úe¡dco ,NAM
23ã' MæBæ2 lo úe)dc! JNAM

910¿ lAc88T7t23 r0æ4 )allfomla }RC/CWR
980i tAc91-22tV2 ozo{. )alifomh )RC

201' 2f,41 tM86B0ø {t41 úexlco ,NAM
594S i36/8 )allfomla }RC/CWR
9751 lACgl-1¡l/30 tm46 ]alifomla )RC

2011 æ44HM8ô8007 û4 úexlco JNAM

t6t33|89JURHP07 I úledco lwR
ZJ/324BC-24 -14 )anada ,VCWRF

205¡ ãÌ5i tM86t0-25 vl57 vlexlco JNAM

906i ¡s tz4 ot67 )alllornla }RC'CWR
979( rAcgl-36/17 ol67 lallfomla )RC

H
\oo

205t 20s012M86t012 it58 i/lexlco JNAM

90241D8 1n4 0124 )allfomla )RC/CWR
9781 lAcgl-31/15 0124 )allfomla )RC

45071 t{cg4-4-Tt3/. 1o124 lallfomla )RC

20fi n7i tM86t007 vt72 i/lexlco ,NAM
g)31 35 2219 o13t )allfomla )RC/CWR

978( lACgl-56,07 ot3t lalifomla ]RC
4507, tAc9+72i31 o13l ]allfomla )RC

zloi 210: ¿M861017 ,1103 llexlco JNAM

589f <cB86TX57 )t3/34 )alifomla )RC/CWR

9734lOWB9t{8/08 0005 )allfomla lRc
450271OSU9,[O1/24 mos )allfomh )RC

2101 210! tM86t033 ,llOs llexlco JNAM

905( ìs 25/25 0150 )alifornla }RC/CWR
1606( IEKCBHPlO 6 lexlco )wR

2103 21(x M85lO02 útlG) Jlexlco JNAM

590: t5/17 )alifomla }RC/CWR

59ta tzz16 )alifomla :RC/CWR
973! lAcgr-50n4 tæî4 lalifomla 3RC



T{MMLID ACCESS COI{CODEI COÍìICOÍ'E2 AREA PHOTOAFF

2ll1 2t 1215M8sr009 ¡i112 íedco JNAM

t642090DEC56{¡6 t2010 )regpn )wR

211t 211i M85t002 ûll7 úeldco JNAM

91021P88&31/r6 wæ,2 ]allfomh )RC/CWR

450C tAc94.åt20 It2g2 )allfomh lRc

2121 21Á rM84t01t l,llæ vle)dco JNAM

589
=1t37

)alllomh )RC/CWR

975( rEc9143/ãt t(x¡48 lallfomh ]RC

224 22,t415M878013 trle¡dco JNAM

æ02dBC-26 ]anada rvcwRF

211t 211i tM88RO41 Uerdco JABCS

390q t468 lawall (BMML

39tø r475 {auall (BMML

H
\ßt
F

2111 2411 tM88RO43 ulexlco JABCS

1216' 61 r85 \bska ruCWRF

1884( tg9+2+z¿ \laska ìBNP

194{X (-54 \laska ,IGOS

1974Í. (-54 \laske ,¡GOS

2134 24r tM88RO31 Jlexlco JABCS

5t8t JlÐdco JRI

5t8f }}334 t1 vlexlco JRI

5t9( ì$34 x) clexlco JRI

521" 4 ¡A vlexlco JRI

5n o F Ulexlco JRI

5Z2l t0 27 Vlexlco JRI

s21r n218 \laska ,vHol

5244 þm \laska
^rHol670t L6 \laska {GOS

1SO2:, 16 \laska {GOS

250f 250( M88Bæ9 ríexlco JABCS

9301 )w88834/14 lml lallfomþ )RC/CWR

260t 25(x M88B006 vlexlco JABCS

9tG tcc88s/8 0æfl lallfomla ]RC/CWR

9537 fKgO.OZll 02ü) lalllomla lRc



ñIMMLID ACCESS CONCODEI CONCODE2 AREA PHOTOAFF

260r 1626t nAJLOt-19 ¡0õl ulexlco )wR

26t2 253214M89t0t2 ulexlco JABCS

90u 35 12t3 0125 lallfomla :RC/CWR

9782 rLagl-13/05 0125 lalllomla )RC

1æ7i ìH594{)lrO9 r0125 )allfomla )RC

2ilt 2il1 tM89R05t dexlc¡ ,ABCS

2ilt rM89RO57 Jlexlco JABCS

2671 tM89R057 2:Ã ulexlco JNAM

2745|sM89R057 O:17 ùlexlco JNAM

274ß rM89RO57 ll:13 vþxlco JNAM

36021MK8ô251 'wFd)2 'la¡rall twF

280t 26O913M89R0¿A l:4 Vlexlco JNAM

14o/24z.ü l:4 \laska 3lologlcal Joumeys

288i 2662lsM89R(}59 9:2 llexlco

26641sM89R059 9:31 lexlco JNAM

2666|sM89R05e þ:18 rllexlco JNAM

348l9lSC-3qt )4:9 'larv'all iI[MLH
\o
l\) 292t 292sl90SCR1+02 t2æ Vlexlco JABCS

38O481FS94-31-t3 \laska st

3806qFS9+33-t \laska sl

2987 2962|9OSJC2444 x)z) ilexlc¡ JABCS

92l9lDWB88l0/3r Ðã) )allfomla ]RC'CWR

97t2lOWBel{6/24 nz) )allfomla )RC

60tf 5ol( \N-n x) \laska (BMML

508¡ tlAL¡14 ÍA \laska <BMML

7221 \laska

722t \laska

12041 t7 z5 \laska tvcwRF
1¿tol: tJ#5 )402 \laska llologlcal Joumeys

1W, t3A \laska

16æf I8KCBHP9 i/lexlco ]WR

r6010l88KcBHPg Ulexlco )wR

t6332190P10ê18 t008 Vlexlco )WR

3814( :s9+40-6 \laska tst



NMMUD ACCESS CONCODET COI{COOE2 AREA PIIOTOAFF

P
ro
t,

6102 519' ¡¡ ;s rle)dco JRI
lol 1r t16 {a¡a1l ,VCWRF

688Í 588( 388/30 )alifomh lRc/cwR
163t ÐMS01-æ t0ûãt ¡þdco ]WR

õ89t 589t (cB86TX55 )11n6 )allfomla ]RC/CWR
g¿t4ítlBwDgGol/8 tmã, )allfomla lRc
974 ,LQgt-08/15 loûzt )allfomla lRc

lqr2slssKcBHPlo tle)dco ]wR
690t 590( )26/3t ]alllomla )RC/CWR

9401 rwD8$l/13 tm68 )allfomla lRc
9402t8WD891/9 t0068 ]allfomla lRc
9768lLTR9t{3/(X t0068 ]allfomla rRc

t6¡tt )oKcBtÈ17 lm68 Ie¡dco ]WR
45051 ,REg+il/t5 tq¡68 lallfomla lRc

cl21 6;t^ r-f0 \laska {GOS
6771 tE6-5 \laska ìwRt
677t t7017 \lesl€ ìwRl
6m t70t8 n \laska ;WRI
67Tt ,7017 5 \laska ìWRI
6n8F7017 X) llaska ìWRI
678( t7017 I \laska iwRt

t62æt900Ecæ44 n67 llexlco lwR
t94l( t-10 \laska {GOS
t96õ f.10 \laska {GOS
1975r f-10 \laska \¡GOS

'1983 t-t0 \laska \¡GOS

1993 t-t0 \laska {GOS
4901t ft10 \laska vGos

906f 906( tcc t6/5 t0t66 ]alllornla }RC/CWR

953: (CBHP9G77/: 10t66 lallfomla )RC
979r ,ACgt€7131 t0t66 ]alifomla lRc

r6365þ0KC80344 t0t66 llexlco ]wR
4508ì lAc+49/2lA t0166 )alifomla tRc

391 9Í



NMiILID ACCESS CONCODEI CONCODE2 AREA PIIOTOAFF

tll¡ 9Bli lAcgt-37/17 to2t3 ]allfomla )RC

16368190DEC11æ 0213 ile¡dc¡ ,VR

¡tSOgt tÀcg+ntu t0213 ]allfomla :RC

9221 92281P88&firt n29 lallfomla :RC/CWR
9717 rAcgt-08/21 n29 )allfomla )RC

1634i NDEC@,'¿L nxt t/lexlco )WR
450141KR9413134 n29 lallfomla rRc

9217 9241 )w888fi/14 xn4 ]alllomla )RC/CWR

950t lAcglJ-4.Tnl xn4 lallfomla ]RC

ldn'¡ }EKCBHPf 6 Vlexlco )wR
t60æl88KCBHPl n ¡lexlco lwR

gali 9411 tAc8gæ/t7 0308 )alifomla lRc
g |t lAc90-33/10 0308 )allfomla tRc

t6373l90CLJot-t3 tu /lexlco ]WR

0671 9571 rKgo'D5/27 0415 )alifomla rRc
904t ,4C91-5s/fi ø15 lalllomla lRc

t6û29|88KCBHPt5 ulexlco ]wRF
ro
È 968f ' 956( ,AC9(N1l32 10433 lellfomla )RC

1629( ÐDEC26-13 þ88 úlexlco rwR

061: 96t ,ACa0-46/26 tm2 lallfomla )RC

9861 ,ACgl-{7/O3 2æ2 lellfomle )RC

1¡tal88lBCS47 96 Vlexlco ,ABCS

t4758lSJC93{4t t96 Vlexlco JABCS

1c,z31 nKcBtG26 þ37 Vlexlco ]wR
teflt nDEC57-25 N2 )regon }WR

99lt 99l8lRSgt-Nf C/24 lGs¡lt¡ ]alifomla lRc
16304|89DEC58{2 )102 Vlexlco )wR

1630! 1630t ÐPLot-39 il03 \Iexico )wR
4517i t^c9+73ß2 t0692 )allfornla )RC



Appendlx Table 3. Llst of whales seen ln Califomla and other areas.

0&oc'.e6

CONCODEI COÎ{CODE2 AREA

P
\0(¡

l0( 953( rAc9G39/24 0130 lellfornh ]RC
903C tAc t7l34 0læ )allfomh )RC/CWR

l90lto84 52 {arvall (BMML

,1K823û25 rwF340 {nrall rwF

105941594 {arvall wCWRF

clr 95t( ,lB9GDS/OT ì510 )allfomh :RC

t882f ì89¿l-lS3 i66 \laslo ¡BNP

1860( ì892-tGæ rô6 \laska iBNP

18931 ìBgSt&3 in6 \laska ìBNP

1801'¡ iB8qxL36A n6 Uaska 3BNP

t83561c889+1r 16ô \laska sBNP

luz 3890-30t8 t66 \laska 3BNP

360süFS8ôlS3it t66 \laska iBNP/KBMML

t515i 8A \lask¡ R

6811 :s8êlg5 \læke ,sl
37æì rss$s(rr) t66 \laska st
5t& ilALt3t \laska (BMML

518€ ¡rALl06 t2A \laska (BMML

61r 1634 t66 \laska (BMML

1214É, ¿fft 56 \hska ÍvcwRF

20t: 4æ21 rRE9+15t21 t(xn2 lallfomh ]RC

97Í ,ACgl-4lrl¿l 00()il lallfomh iRc
5931 t3/t6 )allfomh )RC/CWR

1634{ )0DEC3(}l0 tün2 r/le¡dco )wR
æ3: M86B00r !t33 vlexlco JNAM

2031 9807 tAc91-22n2 t0204 )allfomla :RC

9104 ACæn/?'3 0ãx )allfomla ;RC'CWR

203: tM83BO02 it-35 illexlco ,NAM

23Ã rM&¡8002 t6 vlexlco JNAM

201' 975¿ rAcgr-14ß0 0046 )allfomla )RC

594! ì36/8 ]alifomla ]RC/CWR



NMMLID AGCESS CONCODEI CONCODE2 AREA PHOTOAFF

Ml
2061 979C tAcgt-36/17 0167 )allfomla lRc

906t ìs t24 0167 lallfomla )RC/CWR

20}51 tM86lû25 ú57 ¡lexlco ,NAM

205¡ ¿15071 tNcg4.4.Tt3É. 0124 )allfomla )RC

9781 ,ACgr-31fl5 to124 ]allfomla tRc
sn24/¡DB1n4 0124 ]allfomla ]RC/CWR

ãÌ5t ¿M86t0t2 t58 t/lexlco JNAM

ts
r.O
or

20fi 978t tAcgt-56/07 r0t3t )ellfomla lRc
1æ7¿ tAc9+72l3t tol3t )allfomla lRc
9031 ìsz2ß 0t3t ]alllomla )RC/CWR

207i tM861007 ú72 \lexlco JNAM

2t0¡ 973. )wBgt{808 0m5 )allfomla )RC

4æ2i )su940l/24 m05 )allfomla )RC

589f (cB8ôTX57 )13/34 lalifomla )RC/CWR

210É tM86t0l7 ,t103 Vlelco JNAM

210t gOsOlGS 25125 tol50 ]allfornla )RC/CWR

t6066l88KCBHPl0 6 /lexlco )wR
2t0515M861033 utlGs dexlco JNAM

2'l0t 973! ,ACgl-50/04 tæ14 )alifomla lRc
591 t22t16 lalilornla :RC/CWR

590: 15t17 lallfomla ]RC/CWR

2tG ¿M85t002 ,1109 Vlexlco JNAM

2117 450q t^c9+251æ tom2 lallfornla tRc
9t02lPB8&31n6 on2 )alifomla }RC/CWR

2117 tM85t002 vil17 vlexlco JNAM

2121 975( rEcgt43/20 m48 )alifornla lRc
5891 ì4t37 lalifornia lRc/cwR
212Í tMMloll Ã126 Vlexlco JNAM

260Á 9301 )w88834/14 f00f )allfomla lRc/cwR
2W( rM88Bm9 ríexlco JABCS

250t 953i rKg(X)ZlI t0209 lalifornla ]RC

9t(x ,cc884/8 1021x) lalifornla ]RC/CWR



NMtrlLlD ACCESS CONCOÍ'EI COftlC(xtE2 AREA PtIOTOAFF

P
r€'{

260t 1626f ¡oAJLol-r9 t063 ite)dco )wR
250t lM88BO(b tlexlco JABCS

26ai 9781 ,1Q91-t3/ûs 0125 ]allfomh lRc
4æ7i iHsg+{)t/t¡9 r0125 ]allfomla ]RC

9û21 35 l2l3 t0t25 )allfomla ]RC'CWR

2531 tM89l0t2 rl€¡dc¡ JABCS

2982 9712 )WBgl{6f2¿l ÌÛ20 )allfomla :RC
s21! )wB88lO/31 ¡020 )allfomla }RC/CWR

29t þsJc2404 mo úe¡th¡ ,ABCS

t88( 588( 3EB/30 )allfomla )RCTCWR

t635d90MS0l-ã) (xÞo tledco lwR

6891 ct4 ,LQgl{)8/15 r0(m lallfomla )RC

944ÍllBWD9O{r/8 t(x)ø! lallfornla ]RC

589r (cB86TX55 v1n8 lalllomle )RC/CWR

1602t I8KCBHPIO tlexlco )wR

690r 9401 rwDSst/13 0060 )allfomla )RC

4505! rRE9+11fi5 0068 )allfomla )RC

940218WD89-1/9 (xb8 ]allfomla )RC

9768lLTR9l{3/04 0068 )allfomla :RC

59G )26ßt ]allfomle ]RC'CWR

1639 ÐKC8l&17 tü)68 Vlexlco )WR

006f 979r ,ACgl-37/3t t0166 ]allfomla ;RC

953( <CBHPgGr//: t0t66 )allfomla :RC

4508¡ rAc9+49/2lA 0166 )allfomla lRc
906r tcc t6/5 t0t66 )allfomla rRc/cwR

1636: þKCBO3-04 0t6ô clexlco )wR

911: 98li tÀc91-37117 t0213 )allfomla )RC

45091 tNc9+27tU 10213 lalifomla tRc
91 1¡ ,AC8878/34 o213 lallfornla ]RC/CWR

l6368|90DEC1$æ tû213 Vlefco )wR

9llt 9Ar fKgO'D5/28 02t0 Sallfomla ]RC

4510i rAc9446/24 Û218 Mashlngûon )RC

981t rAcgl-35/07 0218 lalifornla )RC



NMMLID ACCESS CONCOI'EI CONCOÍ'E2 AREA PIIOTOAFF

0 9t 1t18

g22l /tsot¿lKRs4t3/34 n29 lallfomla )RC

97t7UAC9|{8/2t n29 :ellfomla lRc
s?zslPB8ettf' xt29 ]allfomla }RC/CWR

r634290DEC0+22 þ29 vle¡dco )wR

e21¡ 9501 lAc9fJ-4.7nl )004 )allfomla tRc
9241 )wB88iî/14 no4 ]allfomla )RC/CWR

16æ: ISKCBHPI ¿6 llexlco )wR

r6008l88KCBHP1 ¿0 ilexlco )WR

ts
ro
@

s111 9411 tÀc8s29l17 0308 :ellfomle lRc
93t{ lAc9G33/10 0308 )alifomla )RC

t6373l90CU0l-13 t34 r,lexlco ]WR

0õ71 957 rKgo'D5/27 10415 )allfomla )RC

98¡lg ,ACgl-55/ll t0415 ]allfomla )RC

1602f ]8KCBHP15 l/lexlco )WR

968t 9586UAc9o-{l/32 ro4t3 lalllornla )RC
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EIYDA¡IGERED SPECIES ACT CLASSIFICATION CRITERIA
FOR NORTH PACIFIC HUMPBACK \ilHALES

Leah R. Gerber and Douglas P. DeMaster
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7600 Sand Point WaY NE
Seattle, Washington, 98 I I 5

Abstr¡ct

The U.S. Endangered Species Act @SA) requires that Recovery Plans include specific criteria

that determine when spãcies should be removed from the list of endangered and th¡eatened

wildlife. preliminary quantitative criteria for ESA classification based on trends in abundance,

abundance, distribution patterns, population viability analysis (PVA), and regulatory status were

developed for the humpback whale (Megaplera novaeangliae) inthe North Pacific. A workshop

*", ,on¡r.ned at Nlrßrfl, 27-28 January 1997 to incorporate expert opinion into Endangered

Species Act @SA) classification criteria for the North Pacific population of humpback whales and

oihrr populaìions of large whales as possible. Consensus on a general approach for establishing

classification criteria \r/as reached, but identification of specific analytical methods and

determination of management units require further research. The proposed criteria are sufficiently

flexible to be applied to other large whale species, where adequate information are available to

determine population structure, abundance, and trends in abundance. Data are not currently

adequate to dôtermine the status of the fin whale (Balaenoptera physalus,); however, it is possible

to dLtermine the status of the bowhead whale @alaena mysticetus) in the North Pacific using the

current approach.

Introduction

The U.S. Endangered Species Act of 1973 as amended defines categories for endangered

and threatened species, but provides no quantitative criteria for deciding when a species should be

listed. As a result, üsting and recovery actions for marine mammals, as well as other species, are

widely inconsistent. Of the 20 marine mammal species listed under the ESA only 6 have recovery

plans. Within these plans, criteria to delist or change status (i.e., from threatened to endangered

or vice versa) vary greatly between species.

Eight of the eleven species of large cetaceans, including blue, fin, sei, humpback, right,

bowhead, gray and sperïn whales, were listed under the ESA in 1970 due to concern about

overutilizaiion and inadequate protective regulations. Since 1986, I I large cetacean species have

been protected from commercial whaling by the International Whaling Commission, and several

speciås have large or increasing populations. At the same time that many large whale populations

hãve apparently recovered, several small cetacean populations have declined. Because the

original-listing criteria are no longer valid and large whales have been completely protected for



many years and are increasing in abundance, it has been proposed that some large whale species

(or stócks) should be consideied for removal fiom the list @rownell et al' 1989, Braham 1991)'

A classification scheme that is quantitative and objective is necessary to a) efficiently

utilize scarce resources in classi$ing many stocks of large whales, and b) reliably delineate

biologically-based levels of extinttiõn risË for consistent ESA classification. Quantitative criteria

which define extinction risks based on at least one of four or ñve criteria should be both

applicable relative to the types of data t¡pically availaþþ for population of large whales and robust

tóìn, uncertainty associaied with such dàta. the initial approach of this study was to associate

the two ESA categories of threat with the IUCN categories of th¡eat to classify large whales

pursuant to the pSe (ruCN ßg4). The propos:d classification was revised from the original

iUCN list during a lanuary 1997 workshop to accommodate species-specific.life history

parameters available for large whales. Thè system should be considered prelimin{y atthis time

pending a peer-review.

Methods

General Approach to Classification of Large Whales

Five Ëasic types of data are used in developing classification criteria for each of the

identified species: iåpulation viability analysis PVA), abundance, trends in abundance, changes in

distributioru and regulatory status. The classification criteria identified in Table I encompasses

each ofthese factors; details of the criteria are described below.

whales.

The language "designated" wintering and feeding areas is intended to imply that the

criteria are robust to chang-es in available data about population structure. The critical level (N)
was defined as the populaiion size for which it is too late for management to prevent extinctio4

or the quasiextinction level. N*n the threshold for endangered status,

nrrrrrury to maintain a high proËability of remaining above N. tt 1.0 for

threatenãd status, is the population level necessary to maintain a high

above N*ofor a specified time (i.e., 20 or 30 years) (see Fig' l)'

N-¿: No such that Prob (N0..'Nro t \) = 0'95

N* = No such that Prob (N0..'\, > N-) = 0'95,

Teble I classification criteria for North Pacific

Downlist from Endangered to Threetened Downlist from Threatened to Delisted

l) All designated wintering and feeding areas

will maintain a population size such that, over

the next l0 years, there is a high probability

that abundance will remain above a specified

critical level (N.), and

l) There is a high probability in the

foreseeable future (20-30 years) that all

designated wintering and feeding areas would

not meet the criteria for being endangered

(based on potential for decline), and

2) Itninternational regime is in place and is

effective in regulating human-related

disturbance and mortalitY.

2) þrninternational regime is in place and is

effective in regulating human-related

disturbance and mortalitY.
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where;

\ = critical level (e.g., 5oo)

No = initial population size

\: population size at time t.

l0 Years

Figure 1. Schematic representation of classification criteria'

In Figure l, the endangered status th¡eshold is equivalent to a 0.05 probability of a

population 
"IN-o 

being at or below No after or during a l0-year period, and thethreatened status

ih¡Lshold equivJiãnt to a 0.05 probability of a population being at or below N*o in 20 or 30 years.

In other *oidr, if a population is abovo N-¿ or N*, the probability that it remains above.No or

N*nrespectiveiy, isb.Ö5. Using this classification framework" No is fixed as a quasi-extinction

t.ä, *'trite N*o and N* are casã-specific and depend upon available abundance and trend data.

The estimat. oithr projected abundance in year (t) becomes less certain as t increases'

Therefore, the probability oia population declining below N-o and N* increases with time.

Similarly, relatively smali initiaipòpuhtion sizes (N") with large coefficient of variations (CVs)

will have a high piobability of dèclining below No. Conversely, large N"s with small CVs will

have a to* proUåUility of áeclining below N.. The effect of population size and associated CV on

population irajectoriés will be investigated using computer simulations. This approach allows for

in*rporation of thr.. types of uncertainty (described below) such that reclassification criteria

become more conse*ui¡ur (precautionary) with increasing uncertainty. For each type of

uncertainty, several methods for evaluating such uncertainty may be considered;

1) Underlying trend in population growth rate.

a. Observed rate.

b. Default rate (assumed based on empirical evidence from similar species or

poPulations).
c. Population assumed to be stable.
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2) Variance in underlying trend in population growth rate'

a. observed r"t"r for othermarine mammals (mainly pinnipeds)'

b. Variability of life history parameters'

c, Default variabilitY level.

3) Variance associated with abundance estimate.

a. Observed variance in abundance estimate'

b. Default variance in abundance estimate'

The criteria are intended to be applicable to a variety of types and levels of data quality

and to encompass a precaution"ry 
"pproåch. 

Further, the criteria are flexible in how uncertainty

with the number and size of designated

of whales to aggregate in feeding and

diversity); and the frequency and magnitude of
that the determination ofN, should be case-

specific. Further, the 95Yo probability specified in the criteria may be changed depending on what

is considered an acceptable level ofrisk.

Results

Subsequent to the January workshop an analytic approach was developed to evaluate the

status ofNorth pacific humpbacÉ whales inthe context of the classification criteria described

above:

(l) IfÀ1.0s¡< I thenN..¿=Nq * À(.os)'ro

Ifll.os¡> lN-o:No
where No=650.

As an initial approact¡ No was determined by the "minimum viable population size"

method used by naus åt al. (r98i) for southern sea otters. The approach accounts for variance in

sex ratio and pãrcent inunature, and assumes an effective population size of 500, resulting in an

N. estimate of 650.' Soluing Equation I reveals the precautionary nature of the approach; as uncertainty in any

life history parameter increases, the disiribution around I increases and the 5th percentile À

becomes smaller. Therefore, the threshold level for classification as endangered becomes larger

(see Fig. 2).
A model was developed to evaluate the sensitivity of classification decisions to uncertainty

in abundance, life history and critical threshold estimates (see Figs' 2 and 3). A life table

developed byBarlow and clapham (in press) and a range of survival rates estimated by Buckland

(l99gjwere used to parameterize the d-emographic paramet€rs of the model. First, incorporating

it uícertainty from published estimates of survival rates (.52-.969) and using a fixed

reproductive schedulà as reported in Barlow and Clapham (in press), a range of scenarios
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encompassing different assumptions about starting population size (N") and quasiextinction

threshólds Ño) t"ueated the high probab (see Fig' 3)' This

is because thdresulting estimate of À 1.on while there are

no estimates of survival rates for humpback wh ly that the true

average survival rate is closer to .969 than .52, g¡venthat the population is probably increasing

GfU ãt al. 1997). Thus, results summarized in Figure 3 likely drastically overestimate the

irobability of extinctiorL but are nonetheless effective in displaying the sensitivity of the extinction

distribution to assumptions about No and No.

Theoretical
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Figure 2. The Theoretical Relationship between Uncertainty in Parameters and N-0.

Figure 3. Effect of Uncertainty in No and No on Extinction Distribution for Humpback Whales.
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A second set of simulations indicates the sensitivity of uncertainty in survival rates

um abundance estimate (NJ for the Eastern

Nqd50, corresponding to the "minimum viable

re 4 illustrates that, as the range of uncertainty in

xtinction in a lO-year time period decreases'

Figure 4. Cumulative Probability ofExtinction; assumes No:2000 (N*) and No:650 (lvfvP)'

Another way to evaluate the specific effect of uncertainty on our estimate ofN-u, is to

consider the fifth percentile lambda value (À r.osl) resulting from 1,000 simulations corresponding

to each range of uncertainty in survivat rates. 
-itre 

results of solving equation I for each À 1.65¡ 
ere

presented iñfigure 5; as nóted earlier, where À 1.osl 
> l, N-¿ could be set at 650'

s.r.=.601'.969
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Figure 5. The Effect of Uncertainty in Survival Rates on Ncnd'

I)iscussion

The proposed classification scheme for humpback whales may be applied to other large

whales, wheie adequate information are available. The sensitivity of ESA status to assumptions

about population structure and parameterization of uncertainty may be investigated and

incorporated into ESA classification of large whales. The key to using the approach described in

this report is in selecting the most reasonable range for uncertainty in survival rates. An obvious

extension that willbe considered in future research on this topic is to explicitly incorporate

uncertainty in life history parameters or À using Bayesian techniques. It should also be noted that

uncertainty in other life history parameters could be incorporated into the current model. Further

research will evaluate the relationship between specific criteria and various input parameters [e.g.,

abundance, CV(abundance), trend, and CV(trend)] and will involve computer simulations, using

population models appropriate for species with life histories similar to humpback whales.
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Abstract

In an effort to renew the study of the biology and ecolory of ice-associated seals in the Bering,

Chukchi, and Beaufort Seas, t-he National Marine Mammal Laboratory G'{NßdL) contracted with

the Alaska Deparrment of Fish and Game (ADF&G) in 1995196 to compile four species-specific

computer data-bases. These include all morphological, reproductive, and archival specimen data

from ringed, bearded, spotted, and ribbon seal specimens collected in the three seas from 1975 to

1991. Data were obtained from existing records compiled by Alaska Native hunters, Russian

professional hunters, and researchers from ADF&G, NMML, and U.S. Fish and Wildlife Service

àuring the l6-year period. The database does not represent the total number of the four species

of sãals harvested or collected during this period, as only seal records that contained

morphological, reproductive, age, or archived specimen data were entered into the database'

Oata were recordeã from a totalìf 5,547 seals: 620/o (3,465) were ringed seals, 28olo (1,531) were

bearded seals, golo (481) were spotted seals, and l%(lO4) were ribbon seals. Most of the soft

tissue samples 
"r, 

hourád at NMML in Seattle, and most physical specimens are archived at the

University of Alaska Museum in Fairbanks. The data collected during this study provide the

background for future studies of ice-associated seals in the Bering, Chukchi, and Beaufort Seas.

In adãition, a small contract was let to the North Slope Borough (NSB) in FY96 for the purpose

of providing support to local Native hunters who were willing to collect skir¡ teeth, reproductive

or stomach samples from seals taken as part of the subsistence hunt.

Introduction

The Bering, Chukchi, and Beaufort Seas support eight species of pinnipeds, many of

which are facing pissible declines in their populations due to a number of environmental factors,

including compãtition with commercial fisheries. Declines have been documented in Steller sea

lions (Elmebpias jubalzs) (Merrick et al. 1987), harbor seals (Phocavituliru) in the Gulf of

2t3



Alaska @itcher 1990), and northern fur seals (Callorhimts ursimts) (NMFS 1993)' 
while status

and trends in the ice-associated seals are unknown. Ice-associated seals are heavily utilized by

Native communities in coastal Alaska (see reviews in Lentfer 1988), but there are insufficient data

to indicate trends in use (Rugh et al. lggT). Ice-associated seals include ringed seals (Phoca

hispida),bearded searc (Èriþnthus barbalzs), spotted seals (Phoca largha), and ribbon seals

(Phocøfasciata).' 
iuforphoíogical and physiological studies of animals caught in subsistence hunts can

provide insights fuito the neadr of the respective stocks, m approximately 
-

iqOO-gO gçãUV l988qb,c and Quakenburt tlas¡, and in dition indices, and

food habits of all four species oiir.-"tto.iated seals. In many studies

conducted during lgTl-g4 under the Outer Continental Shelf Environmental Assessment Program

d seals since the 1980s,

on the biolory and ecologY

of the ice-associated seals in the Bering, Chukc as well as to promote the

collection of new material. The outcomes of the study include: l) a compilation of

morphological, reproductive, and archived specimen data from ringed, bearded, spotted, and

ribbôn seals; 2) tu*"ry statistics and location of data available in each database; 3) a summary

of archived specimens .nd th.it locations; and 4) an initiation of a sampling protocol for hunters

to provide biological samples for subsequent studies'

Methods

Data records from seals collected in the Bering, Chukchi, and Beaufort Seas by Alaska

Native hunters, Russian professional hunters, and researchers from ADF&G, NMML, and U'S'

Fish and Wildlife Servicé between 1975 and l99l were examined. Data were transferred

electronically from previously archived text format computer files, or they were entered manually

into four spécies-specific databases (using Foxpro 2.5b). Only seal records that contained

morphological, refroductive, age, or archived specimen data were entered into each database. A

,*i., te! to ihe database field definitions and data codes is presented in Sheffield et al. (1997:

Appendix l). Each record represents an individual animal and is cataloged with a specimen code,

tocätion coáe, and specimen number. Summary statistics of sample sizes, sex, reproductive' a$e,

stomach, and morphìlogical data" as well as archived physical specimens were calculated for each

seal species by year and village.' 
tr,torptrotogical, reproluctive, and specimen data were considered available if at least I of

the 15 morphological fielás for a seal record contained data. Stomachs containing food data were

totaled. The number of seals from which archived physical specimens are available at either the

University of Alaska Fairbanks (UAF) museum or NMML were totaled and summarized by

specimen tyPe.

A ãnal report from NSB is expected in the fall of 1997, regarding the collection of life

history material by Alaska Native hunters under contract or an agreement with the NSB.
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Results

Data were recorded from a total of 5,547 seals taken throughout the Bering, Chukchi, and

Beaufort Seas ûom 1975 to 1991. Of th ese, 62%o were ringed seals, 28olo bearded seals, 9olo

spotted seals, and l% ribbon seals. Most (94%\ of the seal records \ilere gathered between 1975

and 1979. Seals were collected from l0 villages and six research cruises in the Bering Sea"

7 villages and five research cruises in the Chukchi Sea" and 4 coastal locations and two research

cruises in the Beaufort Sea. A summary report has been archived with the NMML library

(Sheffield etal. lggT). In addition, a database for materials maintained within the NMML

collection was also prepared (N. Angiel, pers. conrm., EXCEL file: ArcticVseal-db.xls). A copy

of either is available upon request from the first author @. DeMaster).
physical ,p.ri¡¡.n, wãre taken from 3,856 seals as follows: teeth from l,l8l; claws from

3,187; l8é os penises; 247 hyoids; 182 skulls; 13 skeletons; soft tissues from 98; and 5 embryos.

The UAF museum contains all of the specimens of claws, os penises, hyoids, skeletons, and

embryos, as well as over 99% of allteeth and skulls, and the NMML collection contains most of

the soft tissue samples.

Ringed Seals

Data were obtained from 3,465 ringed seals collected in the Bering, Chukchi, and

Beaufort Seas betwe en 1975 and 1987. Villages with collections for five consecutive years

included: Diomede, Gambell, Hooper Bay, Nome, and Savoonga in the Bering Sea, and Barrow

and Shishmaref in the Chukchi Sea (see Sheffield et al. 1997 Table 1). Beaufort Sea data were

collected from prudhoe Bay for six consecutive years. Most (74%o) of the Bering Sea seals were

collected from the villages of Hooper Bay and Savoonga (Sheffield et al. 1997 Table 2 and

Appendix 3). Diet data were collected from 1,017 stomachs. Most (72o/o) of the seals from the

Chukchi Sea were collected from the village of Shishmaref.

Physical specimens were collected from 2,405 animals and included: teeth from 554; claws

from 2,049; 98 os penises; 122 hyoids, 93 skulls; 2 skeletons; 5 embryos, and soft tissue from one

(Sheffield et al. t997: Table 3 and Appendix 4). All physical specimens are archived at UAF.

Bearded Seals

Data were obtained from 1,531 bearded seals collected in the Bering, Chukchi, and

Beaufort Seas between 1975 and 1991. Villages where samples were collected for five

consecutive years included: Diomede, Gambell, Hooper Bay, Nome, and Savoonga in the Bering

Sea, and Shishmaref and \üainwright in the Chukchi Sea (Shefüeld et al. 1997: Table 4). Half

(S0o/o) of all bearded seals from the Bering Sea were collected from the village of Hooper Bay.

Most (76%) of the seals from the Chukchi were collected from the village of Shishmaref

(Sheffield et al. 1997: Table 5 and Appendix 5). Diet data were collected from 368 stomachs.

Bearded seal data were not available from 1982, 1984, and 1986-90.
physical specimens were collected from 1,146 animals and included: teeth from 439; claws

from 948; 28 os penises; 43 hyoids; 42 skulls; 3 skeletons, and soft tissues from 62 (Shefüeld

et al. 1997: Table 6 and Appendix 6). Physical specimens are archived at UAF and NMML.
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Spotted Seals

Data were recorded from 481 spotted seals collected in the Bering, Chukchi, and Beaufort

Seas betwe en 197 5 and I 991 . Seal collections were available for four consecutive years at

Shishmaref (Sheffield et al. 1997: Table 7). Most (73%) of the seals from the Chukchi Sea were

collected from the village of Shishmaref (Sheffield et al. 1997: Table 8 and Appendix 7). Diet

data were collected tom gZ stomachs. Spotted seal data were not available during 1982-83 and

1986-90.
physical specimens were collected from 238 animals and included: teeth from 167; claws

from 143, 36 os penises; 46 hyoids; 24 skulls; I skeleton; and soft tissues from 23 seals (Sheffield

et al. 1997: Table 9 and Appendix 8). Physical specimens are archived at UAF and NMML.

Ribbon seals
Data were recorded from 104 ribbon seals collected in the Bering and Chukchi Seas

between 1976 and 1991. Most (g6%)were collected in the Bering Sea. Samples were collected

fortwoconsecutiveyearsfromGambellonly(Sheffieldet al.1997: Table l0). Only l?Yooîall

Bering Sea data werã coilected in villages, 88o/o were taken during five research cruises (Sheffield

et a1.1997: Table I I and Appendix 9). Diet data were collected from five stomachs. Seal data

were not available during 1975, 1980-84, and 1986-90'

Physical specimens were collected from 67 animals and included: teeth from 2l; claws

from 47;il otprnirct; 36 hyoids; 23 skulls; 3 skeletons; and soft tissues from 62 (Sheffield et al'

1997: Table 12 andAppendix l0). Physical specimens are archived at UAF and NMML.

Discussion

The information regarding morphology, reproduction, age and sex classes of ice-

associated seals was compiled into four databases that will provide the background for future

studies of these species. As mentioned above, the soft tissue samples obtained from this study are

archived at NMML while most of the physical specimens collected during this period are archived

at the UAF museum. If funding is available, the l-year project will be expanded to include the

collection of additional biological specimen material. If adequate sample sizes are available,

efforts will be undertaken to test various hypotheses regarding changes or trends in biological

parameters since the 1970s (e.g., age of first birth, mean age, etc.).
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Introduction

Ringed seals (Phoca hispida) are ice-associated pinnipeds with a circumpolar distribution

north of roughly 55oN. These seals are well adapted to environments with seasonal and

perïnanent sea ice, remaining near the ice most of the year, including pupping on the ice in late

winter/early spring and rarely hauling out on land. These are the most abundant of the seals in

Alaska, occurring sometimes as far south as Bristol Bay and near most of the coast of Alaska

north to the Beaufort Sea. Their distribution and diet are a potential concern in that they may

overlap with commercial fishery operations some of the year, and the seals undergo a regular

harvest from subsistence hunters throughout much of their coastal range. To put this in

perspective, the estimated annual subsistence take of ice seals is slightly larger than the total

incidental mortality reported for all commercial fisheries in U.S. waters (as reported in Federal

Register Yol.62,No. 13, p. 3005-3009.1997). Ringed seals are also impacted as the primary

prey of polar bears, and may be affected by human activity, especially in shorefast ice habitats.

Understanding the population dynamics and stock structure of this species is severely

limited by their wide distribution and difficult access over ice-covered seas. Efforts at monitoring

rely on indices of population size, which have not yet been well established as to predictability and

reliability @eMaster 1995). Ringed seals in the Bering and Chukchi Seas are apparently

migratory, but the extent ofthe migrations is unknown. Individual seals may occupy areas of at

least 64 km2 and may spend l2Yo to 30% of their time in lairs, with individual haul out bouts

ranging from a few minutes to 20 hrs (Kelly 1988). Most previous aerial surveys have focused on

seals hauled out during late April to June, at which time they are fairly obvious on the sea ice

surface. AlthouglU no reliable population estimate is cunently available, this stock is not

classified as a strategic stock (Small and DeMaster 1995).

In FY96 with funding from the Office of Protected Species, the National Marine Mammal

Laboratory G{I,ß/fl.) participated in a study sponsored by the Minerals Management Service

(Ivß,fS). The primary contract for the study was the Alaska Department of Fish and Game

(ADF&G). The specific objectives of the study were to: l) review and refine the previously
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established protocol for monitoring ringed seals by aerial surveys; 2) estimate relative abundance

and densityif motting ringed seals-on i."t i." in the Beaufort Sea during the spring/summer of-

1996 and compare wi-th dãta collected during 1985-1987; 3) correlate ringed seal densities on fast

ice with environmental parameters; 4) determine abundance and density of molting ringed seal-s at

and near industrial op.rutionr, and.cómpare with otherwise comparable non-industrial areas; 5)

review adequacy of ringed seal data collected by past industry site-specific monitoring programs'

and make recommend"îon, for protocols to be-used in future industry studies; and 6) provide

reports of fndings that result from ringed seal monitoring to local residents and subsistence users.

fn ttr¡s study, NÀrß,fl, personnel particþated in the aerial survey portion a¡d contributed to the

analysi analysis performed by NMML staffwas the comparison of

strip tr collected line transect data'

ared for the MMS by Frost et al. (1997). Selected portions

of that report are included herein.

Methodologt

Aerial surveys were conducted in the central Beaufort Sea (oliktok Point to Barter Island)

during 28-30 tUay í and

eighty-one kilomete

1:õo n¡. During all lY

developed ADF&G-MMS protocol (i.e., strip tra

0.41 km on each side of thó phne. A third observer counted from a seat behind one of the

primary observers and collected either line transect data or followed the established protocol'

Lirr. tr-r.ct sightings were scored as being in one of five strips that were marked on the aircraft

window with a grease Pencil.
The survey aircìaft was a twin-engine, high-wing Aero Commander (N7UP) chartered

from Commander Northwest.
The line transect data were analyzedusing the software package DISTAì'ICE (Laake et al'

lgg4). For the strip transect data, mean density and its standard error were computed for each

sector based on a standard ratio estimator. Variance was calculated using the jacknife procedure

(Manly l99l). Density estimates were not corrected for sightability.

Results

A total of 1,596 seals in 822 groups were sighted. The average overall density of ringed

seals was 0.g2 seals/km2. The 
"u.r"ge 

group size was 1.9 seals. Orly 15% of the observed seals

were counted in the fast ice, while 690/owere counted in pack ice, and the remaining l6olo were

seen in ice that could not be classified. The lowest and highest total densities of ringed seals were

0.6 and l.g seals/km2. The industrial prospect are4 which is in the western portion of sector 83

(see Fig. l; Frost et al. 1997), had lower seal densities than either the remaining part of 83 or

sector 84.
Line transect analysis, using all of the recorded sightings wherethe bin in which the animal

occurred was also recorded, resuhãd in a total of 237 observations of ringed seal groups over a
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distance of 1,259 km (i.e., 34 transects of effort searche.d). In additioq 84 sightings were

reported, where distance from the trackline (i.e., bin) was not recorded. To avoid biasing the

esiimate-of density, sightings where the bin number \ ¡as not recorded were used in the

line-transect analysis Uy t-Oototy assigning a bin in proportion to their frequency (see Table l).

Where all 5 bins were used in the analysis, the best fit of the data to a sightings model was

obtained using a HazardRate model. However, this model proved inadequate as the resulting Chi

Square value-from a Goodness of Fit test with 2 degrees of freedom was 17 '74 (p: 0.00014).

Furthermore, the model was not able to properly incorporate the relative lack of sightings in bins

I and2, as the resulting variance estimate was invalid (i'e., <0).

seal

A second analysis was performed where the first two bins were pooled. This resulted in

an improved fit of detection probability to perpendicular distance using a Hazard Rate model (Chi

Squarì = 7.55,dF l, p= O.O-OO); however, the model was still inadequate to explain the observed

distribution of sightings by bin. Further pooling is not possible using DISTAì{CE because the

degrees of freedom in the analysis drops to zero.

A third analysis was performed, where all of the sightings made in bin 1 were ignored

(referred to as "left-truncation"). In this case, a uniform model with a second order polynomial

àd.¡urtr.nt provided the best fit (Chi Square : 0.16, df = 2, p-- 0.92) to 317 observations of
ringed seal groups. The estimate of density was 0.71 seals/km2 (CV=O.13), where the effective

stri; width *u. Seq m (CV=0.05) and the average group size was l.6l seals (CV:0.04)' As

cluster size was not independent of distance from the trackline, cluster size was estimated based

on a regression of log(goup size) versus g(x).

thr .u.r.ge áensityusing line transect methods was similar to the average density using

strip transect metñods (i.e., 0.71 sealVkm2 versus 0.82 seals/km2). At this point, future analyses

need to be undertaken to determine the precision of the two estimates per unit of sighting. That

is, the CV of the density estimate using line transect methods was 0.13, based on 317 sightings,

while the CV of the density estimate using strip transect methods was similar, but was based on

over 800 sightings.

22t

Table l. of line-transect data "bin" width during thç ¡4gl!99q

Bin Angle Distance (m) No. of Sightings E (No. of Sightings)

I 45-66 40-9t 4 23

2 34-45 9t-r34 23 20

3 2t-34 134-235 54 46

4 9.5-21 235-538 147 t39

5 <9.5 538-891 93 93



Conclusions

While the results presented in this report regarding the use of line-transect methodology to

estimate the abund

conclusions can be tude

ofglm and observ to

line-transect analysis (i.e., the fi¡st bin of sightin

adequately). And two, a change in the methodol

a comparison of density estimates made

using strip-transect methods), although

transect methods were compa¡able in 1996.
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Introduction

In 1996, studies of northern fur seals (Callorhinus ursinus) were carried out on the

Pribilof Islands, Alaska during July to November. fueas of research included monitoring of
population size, subsistence harvest, offspring condition, prey selectior¡ incidence of
entanglement, pup mortality and disease, as well as special studies of female foraging,

development of pups, and migration of pups. Research was conducted by National Marine
Mammal Laboratory Qû!n/fl.) stafi, their contractors, and various collaborators including

individuals and groups in the Aleut communities of St. Paul and St. George Islands, the Japanese

National Research Institute of Far Seas Fisheries, University of California, and University of
Alaska. Results of monitoring studies are published annually in the Alaska Fisheries Science

Center's, NOA,\ TechnicalMemorandum series, Eur Seal Investigations (FSI) report. Other

studies will appear in peer-reviewed journals.

Population Assessment
Subsistence Hanest

A total of 1,588 sub-adult male seals were killed in the subsistence harvest by St. Paul Island

residents in 1996. Th¡ee female fur seals were harvested accidentally on St. Paul Island. On St.

George Island, 232 sub-adult male seals were taken in the subsistence harvest in 1996. Teeth

were collected from approximately 20% of the harvested seals for age determination and as a

record for studies of tooth microstructure. Serum and other tissues were collected from a sample

of harvested seals and archived in the long-term fur seal tissue bank at NMML.

Living Adult Male Seals Counted
Total counts of adult male seals were conducted by section for each rookery on St. Paul

Island from I I to 17 July. A total of 5,643 harem and 9,239 idle adult male seals, also referred to
as bulls, \¡/ere counted on St. Paul Island. On St. George Island, a total of 1,248 harem and 790

idle adult male seals were counted from l0 to 16 July. There was an increase in the count of
tenitorial males with females on St. Paullsland between 1995 and 1996 (9.5%), and the count of
these males on St. George Island was slightly higher in 1996 than in 1995 (0.5 % more). The

total for these males for the Pribilof Islands was therefore greater by about 7 1% n 1996.
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Number of Pups Bom on SL Paul Islend in 1996

Since 1990, the number of fur seal pups has been estimated every other year, by

okeries (except on one very small declining

order to reduce disturbance while

of fur seal pups was estimated on only six

es were chosen at random with the additional

and trvo small rookeries in the sample

Counts of dead PuPs \¡/ere made

revious ye¿rs. The techniques and

the sample rookeries were as in

number of breeding males from all rookeries by a

n the sampled rookeries. The total number of
s of live and dead pups' Variances of numbers

ng York and Kozloff(1987) and York and

of the parameters based on 2,000 replicates

were also obtained.
From I to 13 August, 10,715 pups were narked by shearing. The number of pups

sheared on each rookeryïas a random number between l0%o and l5Yo of the 1994 pup

marked animals was a fixed percentage of the pr

allocated proportionally on each rookery by secti

for harem males countéd in each section of the sampled rookery. The ratio of marked to

unmarked pups \¡/as determined by at least three researchers (two of whom worked as a pair) on

14 to 22 August. Each rese

rked PuPs indePendentlY and

Each samPling daY was con

from which the variance was computed for each rookery. Dead pups were counted on all

sampled rookeries from 18 to 22 August.

Number of Pups Born on St. George Island in 1996

The number of pups born on St. George Island is estimated from a shearing-sampling

study conducted on alliookeries. Because the number of pups born on St' George Island is

relatively fewer, rookeries are not subsampled as on St. Paul Island. From 9 to 12 August, a total

of 3,094 pups were shear-marked on St. George Island; the total number sheared on each

rookery wasa random number between lo%-15% of the total number estimated on the rookery in

e allocated proportionally within each rookery

1996. The ratio of marked to unmarked pups

s on two occasions: once from 14 to
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19 August and again from 20 to 22 August. Counts of dead pups \ilere made from 19 to22

Augusi 1996. Tñe ratio of marked to unmarked pups and the estimate of the number alive was

cdõulated similarly to the method described for St. George Island for 1994. Since the rookeries

on St. George Island are much smaller than on St. Paul Island, one person is capable of sampling

the entire rookery.

Counts of Deed Fur Seals Older Than Pups and Collection of Teeth

Tooth samples (usually canines) were collected from all dead fur seals other than pups

whenever possible. The sample rookeries and adjacent beaches of St. Paul Island and all

rookeries of St. George Island were surveyed for dead fur seals older than pups during August

1996. In 1996, tooth samples were collected from a total of I 12 fur seals (20 males and92

females) on St. Paul Island.

Pup Condition Study
Each year during late August, a sample of pups is rounded up at four trend sites on St.

paul Island and at eachãf six rookeries on St. George Island for determination of sex, mass and

length. Pups are sampled as described in Antonelis (1992) and Robson et al. (1994). Pups were

*.¡tpd tothe nearest o.2kgusing a spring scale; and length was determined to the nearest I cm'

During 25-27 August 1996, atotal of l,l8l pups (536 female, 645 male) were weighed and

measured on St. Paul Island. A total of 750 pups (331 female, 419 male) were weighed and

measured on St. George Island during 24'27 August 1996'

Prey Selection Monitoring
In order to monitor prey selection of northern fur seals foraging in the Bering Sea, scats

are collected from rookeries and haul outs. During 18-27 August 1996, a total of 789 scats were

collected on the Pribilof Islands. Hard parts of prey from these scats have been separated and

most prey remains have been identified. This information willbe combined and analyzed with a

food habits database initiated in 1988.

Entanglement Studies
tn tggO, in cooperation with the St. Paul and St. George Islands Tribal Councils and the

pribilof Islands Stewardship Progran¡ NMML continued to study juvenile and adult male fur seal

entanglement using a combination of research roundups and surveys during the subsistence

harvest. The objeðtive of this study, initiated in 1995, is to determine current trends in the rate of

observed onJand entanglement of northern fur seals in marine debris on St. Paul and St. George

Islands. This information is being collected in order to provide: l) a continuing index of
entanglement rates, 2) a comparison of entanglement rates on St. Paul and St. George Islands, 3)

".r"n, 
of indirectly assessing the relative amount of entangling debris within the habitat of the

fur seal, and 4) an assessment of the proportion of debris types associated with different fisheries

that are impacting fur seals.

In addition to the continuation of juvenile male entanglement studies, researchers

continued to collect information on seasonal and annual (1991-95) rates of entanglement among
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adult female fur seals. As in previous years, researchers continued to capture and remove debris

from entangled seals encountered during other research projects.

Male fur seals on hauling grounds locate

surveyed for entanglement in July and August 19

the Aleut subsistence harvest and using non-harv
and Ragen
logistical r
h samPling

water and herded into groups by harvest or roun

small groups or in a single ñle line allowing obse g

debris or scars indicating previous

observers of the total number of m seals

of the size and age (24years old) al'

l9gg, Fowl., 
"nd 

Ragen 1990). ilarvested seals were examined for entanglement and added to

the final count. The count of adult seals was derived by subtracting the number ofjuveniles from

the total count of all seals for a survey. Criteria for selection ofjuvenile males was based on

overall size, pelage characteristics (cólor and thickness of mane, sagittal crest and chest patch)

and vibrissae color and length (Scheffer 1962, C.lil. Fowler pers' comm')'

When an entangledìeal was sighted during release, the flow of seals to the water was

stopped and the entanfled seal was captured and the entangling debris removed. .Information 
on

the iype of entanglingãebris, the extent of the wound, and the estimated age of the seal was

,ecoiåed. Entangled seals judged to be of hawestable size were marked by lightly shearing marks

into the pelage on the stroui¿ers indicating the island of capture and type of survey. Marking

enabled observers to resight previously eñtangled seals during subsequent surveys @engtson et al'

l9gg, Fowler and RagenleeO). During the study period, juvenile male seals captured and

diseniangled during oìhrr r.r..rch activities were also marked to indicate previous entanglement'

Because some seals on haul outs are observed more than once (Fowler and Ragen 1990, Baker

et al. 1995), entanglement rates of seals estimated from roundup samples (after 1985) are

considered as samples taken with replacement. Samples taken during the commercial harvest

(prior to l9g5) in which both entangled and non-entangled seals were killed were obtained

without replacement.
The overall rate of entanglement is estimated by the ratio of all (both initial and

subsequent) entanglement sightiñgs to the total of number of seals examined @engfson et al.

l9gg, Fowíer and Ragen teõO). ihis estimate is subject to a slight upward bias due to the

assumption that sealJfrom which debris was re noved would not have lost their debris

independently (Scordino 1985).

Statistical analysis of entanglement data was performed using a general linear model

assuming a binomial ,årponrr. Factors were considered statistically significant if the deviance

accountãd for by that factor was greater than 2¿2 * o.r, (where df is the number of levels of the

factor -l). Factors examined in the analysis of the entanglement rate were: age (adult vs.

juvenile), island (St. Paul vs. St. George), sample type (harvest vs' roundup sample) and the
-interaction 

between age, island and sample t)?e in the rate of entanglement.
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In 1996, island-wide surveys of entangled adult female fi,lr seals were conducted on St'

Paul Island using the techniques described by Kiyota and Fowler (1994). All rookeries were

surveyed in conjunction with the counts of adult males from 12 to 17 July.

Twenty-1hree subsistence harvest surveys and 30 roundups were conducted on St. Paul

Island (53 total) a¡d26 roundups and t harvest surveys (35 total) were conducted on St. George

Island during July and early August of 1996. Observers sampled 38,31I seals (all age classes

combined) on St. Paul Island and 10,763 seals on St. George Island. At total of 7l entangled

juvenile and adult male seals were captured, examined and the debris waÍ¡ removed during harvest

ru*ryr and roundups (56 on St. Paul Island and 15 on St. George Island). Four entangled and

seven scarred (evidénce of previous entanglement) adult female filr seals were observed during

female entanglement surveys on St. Paul Island. Details on entanglement rates and debris types

will be presented in the upcoming 1996 Fur Seal Investigations report.

Pup Mortality and Disease

On St. Paul Island, pups which died at two sites were collected on a daily basis from

4 July to 9 August 1996. Remote weather stations at each site recorded data on temperature,
.humidity, rainfall, wind speed and wind velocity in order to relate early mortality to the influence

of weather. A total of 172 dead pups were collected and necropsied. Tissues for toxicological

and disease studies were collected from 35 of the pups. A detailed contract report prepared by

Wildlife Pathology International regarding disease surveillance in 1996 is available at NMML.
On St. George Island, a special study of immunology in northern fur seal pups was

conducted by University of Alaska, Fairbanks, with financial, logistical and field support from

NMML. The goal of the study is to relate organochlorine (OC) levels with immune response.

Motherþup pairs were captured, a blood sample was taken from each and a milk sample was

taken from the mother. These samples serve to establish OC levels and background immune

system status. The pups were then injected with a benign tetanus antigen and released. After

several weeks, pups u/ere recaptured and a second blood sample was taken to determine the

immune response capability of pups with varying OC loads.

A total of 44 mother/pup pairs were sampled according to the above protocol. A battery

of tests related to OC levels, indicators of physiological response to OC, and several

immunological response assays are currently being conducted. The bulk of laboratory analyses

will be completed by July 1997.

Female Foraging
The second year of a 2-year study ofthe foraging behavior and energetics of lactating

northern fur seal females was conducted on both St. Paul and St. George Islands. This was a

collaborative study between NMML and University of California, Santa Cruz. The study design

had a variety of treatments and controls, reflecting a number of questions being asked. These

included:
- Do females from different islands, or from different breeding areas within islands, use distinctly

different foraging areas?

- How does prey selection vary with foraging location and time and depth of diving?
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- Are energy budgets (energy gained vs. expended) of females with ditrering foraging patterns

distinct?
- How are females affected behaviorally and energetically by carrying telemetry instruments?

- Do milk fatty acids and fecal remains accurately represent prey selection of fur seals?

- Do female foraging patterns indicate that intera;tions with commercial fisheries are likely?

In 1996, a total of 46 females (31 on St. Paul, 15 on St. George) were tracked for one trip

to sea with satellite transmitters. Dive recorders and radio transmitters were also attached to each

female. Another set of l0 females on St. George Island was injected with doublyJabeled water

(for measurement of enerry intake and field metabolic rate), and instrumented with satellite

tìansmitters, radio transnliters and dive recorders. An additional20 females (10 on each island)

were injected with doublyJabeled water and instrumented with a dive recorder and radio

transmitter only. Finally, S females on St. George were instrumented with a dive recorder and

radio transmittãr, and l-0 were instrumented with a radio transmitter only. No doublyJabeled

water was administered to these latter two gfoups.

From all females captured during 1996, milk samples and fecal material (in the form of

scat or enema) were collected for detailed prey analysis'

Development of PuPs

ln tggO, researchers from the University of Californi4 Santa Cruz, with support from

NMML, conducted the second year of a 2-yet study on the energetics and physiological

development of northern fur r"il pupr on St. Paul Island. In this study, milk intake and field

metabólic rate of approximately zb in¿ivi¿ual pups was measured throughout the lactation period'

In additiorL direct rr.rur.r.nt of oxygen consumption (in air and in three water temperatures)

was conducted on pups using a metabolic chamber during the pre-molt and post-molt stages of

development. In thisïay, tñe development of thermoregulatory capabilities was characterized.

ln addition, growth rates, mothers' aitendance, and development of blood and muscle chemistry

were examined throughout the 4-month lactation period.

Simultaneourì-y, l.¡¡nfltfl- conducted com ,limentary studies on the ontogeny of swimming

and diving behavior in pups. A total of 42 pups were fitted with a newly developed miniature
..time weirecorde/' (fWif), which records when pups enter and exit the sea. This study was

designed to assess bias in population monitoring methods (such a nsus

metñod, and pup mass and length monitoring) which assume that a

random sample of the total pup population. Four pups were also

recorders, to characterize dive behàvior and to determine whether pups may be foraging prior to

migration. In addition, many of the pups with TWRS were also involved in the study of energetics

anã physiological development described above. As a result, energylactivity budgets can be

constructed -¿ ttr. connection between physiology and behavior will be better elucidated.

Pup Migration
Each fall and winter, weaned pups migrate from the breeding islands and maintain a

completely pelagic existence, usua[ylor about 18 months. This is a critical period in the life

tristory of nòrthãrn fur seal pups when they learn to forage independently. Over half die during
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this first winter of life. In 1996, NMML began a 3-year study to determine the timing, directiorL

and foraging habits during migration. Six pups were instrumented with satellite transmitters,

which transmit data on loiatiõn and dive behavior. Of these, four pups were tracked for

24.5 months, providing the ñrst detailed information on where pups go and what they do after

disappearing from the Pribilof Islands.
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Abstract

Scientists from the National Marine Fisheries Service, U.S. Fish and Wildlife Service, and

Aleutians East Borough conducted a hydroacoustic-midwater trawl survey for Steller sea lion

(Eumetopias jubatus) prey near three sea lion rookeries in Alaska waters during 7'23 March

lgg7. A total of 52ll km of transects were completed as part of the basic surveys. Strong echo

sign was rarely seen during the day, though distinct layers of zooplankton and fish were observed

after l-2 a.m. Preliminary biomass estimates suggest that midwater biomass was greatest at

Ugamak Island and declined to the east (mean biomass densities over transects conducted during

daylight were 42.3 kglrr],9.8 kglmz, and 8.1 kgl^' at Ugamak, Atkins, and Marmot Islands,

respectively). Thirteen midwater tows were conducted to identi$ selected echo sign. One long-

line set was completed in rough bottom near each rookery to sample large fish and their prey'

Oceanographic data \ryere collected via a continuously operated thermosalinograph and

conductiviiy-temperature-density (CTD) casts (47) conducted during the cruise. Sea surface

temperature vÍas typically around 3-4o C, with surface salinity in the range of 32'33%æ. Thirty-

seven hours of seabird and marine mammal sighting surveys were completed (25 hrs simultaneous

with hydroacoustic transects). The most common seabird species observed \ilere common and

thick-billed murres, crested auklets, white winged scoters, and glaucous winged gulls; distinctly

different from the species assemblage observed during summer surveys. A sea lion young-oÊthe-

year u/as successfully tracked and it appeared to alternate between dive bouts of 10-15 minutes

duration, and surface intervals of 5-10 minutes duration when away from the haul out. Gven the

long periods of diving and the presence of prey in the area (5 km away from the haul out), it is
probably safe to conclude the animal was actively foraging'

Introduction

Scientists from the National Marine Fisheries Service OIMFS), U.S. Fish and Wildlife

Service (USF&WS), and Aleutians East Borough aboard the USF&WS vessel lvliÈffi
conducted a hydroacoustic-midwater trawl survey for Steller sea lion (Eumetopias jubatus) ptey

at three sites in Alaska waters during 7 -23 lllarch 1997 for a total of 17 sea days. The area of
operations included the Ugamak, Atkins, and Marmot rookeries and waters surrounding these

sites.
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The principal objectives of the cruise were 1) to conduct hydroacoustic-midwater trawl

surveys aroúnd Ugamah Atkins, and Marmot Islands to compare results to surveys conducted

during July 1996,ãnd 2)to track instrumented juvenile sea lions and conduct hydroacoustic

,u*.!, aithese animals foraging areas. Secondary objectives included collection of scats at one

site, sighting surveys of ma¡iñe mammals and seabirds during hydroacoustic surveys, and

comparison tows of two different midwater nets'

Cruisc Narretive

The cruise began at Dutch Harbor, Alaska, on 7 March 1997 with the scientific party

boarding the MV fiÈlaû at that time (Tables 1 and 2). After departing that morning, the vessel

proceedid to Ugamak Island, the first ofthe three sites to be visited for prey studies. While in

iransit, dense concentrations of common murres were observed north of Akun and Akutan

Islands. Tows were conducted to determine the sign observed beneath the birds. The vessel

a¡rived at Ugamak Island later that evening, with surveys beginning the morning of the eighth.

HydroacouJi. ,u*.yr (16l km), l1 h¡s of sighting surveys, 4 midwater and 3 neuston tows, 13

CiD casts, and 1 long-line set were performed over the next 3 days. Enormous numbers of
crested auklets *.r. õbrr*ed to the-north and east of the island, and sea lions were observed on

Ugamak (beach Al) and Aiktak Islands. The vessel departed the site the evening of l0 MarctU

and arrived at the Atkins Island study site the evening of I I March.

Surveys were conducted at Atkins during 12-14 March and included 136 km of
hydroacoustið ,u*ryr, 7 hrs of sigþting surveys, 2 midwater tows, 17 CTD casts, and I longJine

sãt. Th¡ee of the transects were run during both daylight and nighttime periods to contrast prey

densities by time of day. One transect was run an additional six times to test for differences in

hydroacoustic techniques. No sea lions were seen at the traditional rookery site, but a small group

of animals u/ere at thã north end of the island (J. Sease, NMFS, pers. comrrL March 1997).

After the completion of the Atkins Island surveys on the morning of 14 MarctU we

proceeded to Sand point to drop offone of the scientific party (D. Lloyd). The vessel then

proceeded on to Chowiet Island, conducting sighting surveys in transit, and arrived there on

ì5 March. As the vessel neared the island, large numbers of murres and occasional fin whales

were encountered. No sea lions were found on the island. The vessel then conducted a

hydroacoustic survey along a transect that was to be surveyed a few days later by the NOAA ship

Mitler Freeman. The vessel then proceeded on towards Chirikof Island and encountered

additional fin whales while in transit. No sea lions were observed at Nagai Rocks, and some 200

sea lions were seen at the Chirikof Island rookery site. We then continued, through steadily

worsening seas, towards Kodiak Island. We anived in Chiniak Bay and subsequently, Kodiak

City around noon on 16 March. While passing Long Island, a radio tagged (transmitter frequency

rcÁ.saa¡young-oÊthe-year sea lion was picked up on the NMFS VHF telemetry system installed

on the strip. fñe large jeas and high winds, however, forced us into town. We remained in

Kodiak until the rorning of l8 March. We then began a search for the animal, who apparently

had gone to sea. After searching the area south to Gull Point and up to 16 nautical miles (nmi)

offshore, we returned to Long Island to find the animal had returned. During the searclr, we

observeá I fin whale and 3 humpback whales to the southeast of Chiniak Bay. The vessel laid-to
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next to Long Island to await the animal's departure to sea. This occurred at 10:30 p.m. on 19

Ma¡ch. The animal was followed through the evening and morningof 20 March. After the

animal hauled out at Long Island at l:40 p.m. on 20 March the vessel departed for Marmot

Island. A group of killer whales were encountered during the transit to Marmot Island, and their

very close approach provided an excellent photo opportunity.

Hydroacoustic surveys and trawling were conducted at Marmot Island o¡21-22 March.

Data were obtained from 196 km of hydroacoustic suryeys, 6 hrs of sighting surveys, 4 midwater

tows, 16 CTD casts, and I long-line set. Also, 5-6 gtay whales \ilere encountered during this

period. After concluding these surveys on the morning of 23 Marct¡ the vessel turned for Homer,

Alaska" and arrived there the same afternoon to end the cruise.

Methods
Hydroacoustic Surveys

Acoustic data were collected along a series of parallel transects within a l0 nmi radius of
the th¡ee sites (Table 3., Figs. l-3). Transect spacing was around 3 nmi. The vessel generally

operated at l0 knots during this work. These data were collected using the vessel's BioSonics

102 systerq with hull-mounted (4 m deep) 38 and l20Ullztransducers, operated in a

multiplexing mode. All legs were surveyed once during daylight hours. The central three

transects were also surveyed at night at Atkins and Marmot Islands. Settings for the BioSonics

102 unit were: receiver gain -6 dB (120 ktlz) or -18 dB (38 kl{z), TVG20, band width 5, pulse

\¡/idth 0.5, blanking distance 0.5 nL trigger interval 0.5 sec, and transmit power -3 dB. The

system \ilas run in multiplexing mode to obtain separate estimates of total biomass and fish

biomass. All data were echo integrated in real time using BioSonics ESP software running on the

ship's computer.
Data were analyzed post-survey using additional ESP software and EXCEL. Indices of

total biomass \¡/ere developed by averaging the biomass density (per m2) obtained from each one

minute segment of the survey across all segments for a site.

Midwater Trawls
Midwater trawls were conducted in support of the hydroacoustic surveys or other

observations (e.g., feeding murres) to identify selected echo sign. These trawls were conducted

using either a 6 m modified herring trawl or a neuston net towed for 15 minutes at2-3 knots. A
netsonde attached to the herring trawl's foot rope was used to determine fishing depth. Samples

collected from these tows (typically euphausiids and O-year aged fish) were counted, identified (as

possible), and then frozen.

Long-line Sets

One longJine set was made offshore of each of the th¡ee sites. The long line consisted of
one skate with 90-100 hooks baited with hening. Sets were made in water with hard bottom,

approximately 50 m deep, and were allowed to soak around 3 hrs. All th¡ee sets were made at

slack water in the early morning. Fish caught (halibut and cod, Gadus mauocephalus) were

measured, weighed, and sexed. Stomachs were then removed and preserved in formalin for later

identification at NMFS.
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Se¿bird end Merine Memmal Sighting Surveys

During dayllght hours of thã hydroacoustic surveys members of the scientific party also

conducted continuois sighting surveys of marine mammals and seabirds from the flying bridge

(depending on visibility)] St-¿.¿ ÚSF¿WS seabird sighting protocols were observed. This

invõlved r*o prrronr--ôn" observer and one recorder. The 90o area from amidships to the bow

(usually to port only) was observed continuously, with mæine mammals and seabirds recorded by

species and number.
Off-effort marine mammal sightings were recorded on the bridge using NMFS Form 10.

Oceanographic Data
A continuous thermosalinograph record was maintained throughout all hydroacoustic

transects using the ship's Seabird S""ð"t SBE 2l thermosalinograph. A portable CTD (the ship's

Seabird Seacat SBE-I'9 profiler) was deployed at the beginning and end of each transect, and at

the end of most tows and long-íine r.tr io obtain salinity and temperature profiles for the entire

water column.

Sea Lion Tracking
A male young-of-the-year Steller sea lion was captured at Long Island by NMFS

personnel priorio eritry of thã vessel into the are4 and a WIF t )
was gluedìo the pelage on the sea lion's head for tracking purp th

.n uit.*. utt"y (foui four element Yagi antennae with one po nal

directions) attaðhed to the ship's mast at the level of the crow's nest (around 15 m above the

water tevét¡. Coaxial cabling from the antenna array ran into the ship's electronic room on the

bridge, und *u, attached to ã switch box. Each antenna could be isolated using toggle switches

on tñe-box; this allowed the direction of the animal with respect to the ship to be determined. A

coaxial cable then fed the antenna signal into a VHF receiver with a small speaker for monitoring

transmissions.
The ship anchored near the Long Island haul out while the animal was ashore. The animal

was monitored continuously until it went to sea (as indicated by the receipt of intermittent rather

than continuous signals). ónce the animal was in the water, its position with respect to the ship

was determined by isolating each antenna until the direction with the strongest signalwas

determined. The ship then moved in that direction to keep pace with the animal. If a direction

could not be determiied by isolating the antennae, a search pattern was followed which moved

the ship in the direction of the strongest signal reception. For example, if the animal's location

was unknown, the ship would rnouJ" half mile in the direction the animal had been moving and

would then stop. If the signal was equal or g¡eater in strength than the preceeding signal, the

vessel would còntinue in that direction. If the signal was weaker, the vessel would return to the

preceding position, and then move a half mile in another direction. After the animal returned to

in" fruul ãut, itr activities in the water were monitored from the ship until it returned to land.

A log was kept throughout the process which indicated the animal's bearing from the ship;

number and-strength of signals received in a transmission; and the ship's heading, speed, and

location.
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The ship's hydroacoustic system and continuous thermosalinograph were run throughout

the tracking to obtain information on the prey and environmental conditions presented to the

animal.

Results

Hydroacoustic Surveys
A total of 527 km of transects were run as part of the basic surveys conducted at the three

sites-3gl km during the day and 146 km at night (Table 3), Additional transects were run at

Atkins Island (Six rãpetitions of transect AT7 to compare techniques; 38 km), Chowiet Island (to

compare with ìtre ¡,lisoo assessment of the same transect;27 km), Long Island (for the tracking

u/ork), and Marmot Island (four repetitions of transect M3 to assess variance; 32 km).

Strong sign was rarely seen at any site during the day. However, at those sites where

night time tr"ãr.ótt were run (Atkins, Long, and Marmot Islands) distinct layers of zooplankton

and fish were observed after l-2 a.m. For example, transect AT5 at Atkins Island showed no

strong sign on the daylight transect. rilhen the same transect was surveyed later in the evening, a

strong scattering layer was observed at around 35 m. A tow on this layer showed it was

compãsed of larval fish. This was underlaid by a layer of fisb which appeared to be walleye

poilóck (Theragra chalcogramma). Anadult pollock was caught in the upper layer tow; a trawl

on the lower layer was aborted due to malfunction of the net sounder.

Preliminary biomass estimates suggest that midwater biomass was greatest at Ugamak

Island and declined to the east (Fig. 4). Mean density over daylight transects surveyed at Uglmak

Island was 42.3 kg/m'. Biomass a.nrity declined to 9.8 kglm' at Atkins Island, and 8. I kglm2 at

Marmot Island.
This was a similar pattern compared to previous surnmer surveys. Compared to July 1996

surveys at the sites, the Ugamak Island biomass w¿ts somewhat higher in March than in July

(37.5 kglnf), Atkins Island was somewhat lower Q3.a k/m2 in July), and Marmot Island was

about the same (7.8kglm2 in July).
Biomass estimates derived from the l2OUJlzsingly or in combination with the 38 kHz

sounder (multiplexing) were compared at Atkins Island to ensure the two methods produced

comparable results. biffe.enres between the mean biomass of the th¡ee 120 kflz runs and the

three multiplexed runs were not significant @ = 0.246).

Midwater Trawls
ñne midwater trawls were made with the herring trawl, one with an Issac-Kidd midwater

trawl (IKMT), and three with a neuston net (Table a), The midwater trawls found a variety of
fish (including adult pollocþ, as well as euphausiids and a few jelly fish. The neuston tows were

madò to identify the sign being fed upon by murres and auklets in the eastern Aleutian Islands.

Catches were generally composed ofjuvenile fishes, euphausiids, and copepods. Larval and

juvenile fishes obtained were pfeserved for identification by NMFS.

A series of tows was made with the hening trawl and IKMT at Marmot Island to

determine if the two nets sampled the same sign differently. The IKMT caught euphausiids and

jellyfish. The hening trawl caught these ta.rca" but also caught juvenile (age-l to age-3) walleye
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pollock at the same location and time. This suggests that tows made in previous years using the

iKM.f may not have adequately sampled the midwater sign observed.

h site (Table 4)' The longline ge¡r was

bottom. The gear caught Pacific halibut,

ed from I halibut and I (of I I caught) Pacific

cod at 40 m depth near ugamak I., from 19 (of 20) cod at 36 m depth near Atkins I', and from 8

(of 8) halibut at 50 m depth near Marmot Island'

Oceanographic Data
47 CTDcasts were made during the period (Table 5). These remain to be analyzed'

continuous sea surfale temperature (sso and nrinity data were obtained from virtually all

transects. ssr was typically around i-+"'c, *ith ruri"r. salinity in the range of 32-330,6 (Table

3).

Marine Mammal ¡nd Seabird Sighting Sut.

essel was transiting between sites' The most

ck-billed mulres, crested auklets, white winged

sites during summer--shearwaters, northern

kittiwakes, and ancient murrelets' Sighting

associations with hydroacoustic results.

Sighting records of marine mammals

Seven Dall's porpoise (Phocoenoides dalli)

su¡nmer in the same areas. As in summer cruise

ack
rob
onc Marmot BaY on 20 March' As in

previous work, significant concentrations of fin' e observed in the southern Shelikof

Strait area. Most of the humpback whales were observed in the area around Kodiak Island and

the Barren Islands.

No pinnipeds were seen at sea. However, Steller sea lions were seen at the following

sites: Aiktak, rocks north of Ti galda,Ugamaþ \Ä aleback, Chirikot Long, Marmot' and Sea

Lion Rocks.

Sea Lion Tracking
The sea üoñyoung-of-the-year was successfully tracked through one complete foraging

trip from when it teft ttre iong Islãnd haul out (2242 on 19 March) to when it returned on land

(tlqzon 20 r"r"t"rtl. This wis despite the failure of one wIF receiver, and the partial failure of
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the back-up unit (which would not work with the ATS direction finder). The vessel was able to

maintain cóntact with the animal as it moved to the southwest of the island into Chiniak Bay. It
was not possible, however, to resolve whether the animal foraged over the shelf or in the deeper

waters oithe Chiniak Gully. However, considerable fish sign \ilas seen in waters less than 50 m

deep over the Chiniak G.rúy, and it was possible that the animal could have been foraging on these

fish. Use of the ATS direction finder would have resolved this problem.

The sea lion moved quickly from the haul out to sea" and returned to the haul out equally

di¡ect. However, when it returned, it spent over 5 hrs playing in the water next to the haul out.

This would have resulted in numerous shallow dives being recorded and could account for the

large number of shallow dives recorded for such animals. When the sea lion was away from the

,oõk.ry, it appeared to alternate between dive bouts of 10-15 minutes duration" and surface

intervjs of j-tO minutes duration. Gven the long periods of diving and the presence of prey in

the area the animal was diving (which was 5 km away from the haul out), it is probably safe to

conclude the animal was actively foraging.

Conclusions

The cruise was a complete success, due in part to the excellent weather encountered

during the period. Historical weather data had been consulted to determine the period, and the

,,r.r... of the cruise bears out the findings from this analysis that mid-March is the best weather

window for this work.
The vessel and crew performed admirably, even in the storm encountered during the

transit from Chowiet to Kodiak. Thus, the vessel should provide an excellent platform for future

winter work.
The ship's BioSonics 102 system performed well throughout the cruise. This was the first

time it had been used in a multipleúng mode, and the results of the 38 kl{z integration have not

been analyzed. However, a prelminary analysis of the l2O kJIz biomass densities suggests that the

results are comparable to running the 120 kllz system by itself. Results of the replicate transects

at 120 kIIz suggest that the variance in the biomass estimates may be greater than expected. This

is a sampling problem, not one of the electronics, and will provide some insight into how survey

results can be analyzed.
This was the first lÃ/ fiþlaî cruise which used the modified herring trawl. In

combination with the NetMind system, it provides a powerful tool for sampling midwater prey.

Tæ<a from euphausiids and larval fish to adult pollock were obtained using the net, and as a result

it appears to iesolve the problem of sampling the midwater. Use of the IKMT to sample

tnu"io"ooplankton and frsh can probably be discontinued. The next net that needs to be obtained

is a small bottom trawl net with roller or "rock-hopper" gear. The best sampling of midwater

prey appears to be the late night or early morning, as midwater sign was rarely seen in trawlable

concentìations during the day. Thus, future survey work will need to focus more on this night

time period.
The long-line gear also appears to provide a simple, relatively fool proof sampling

technique, and is nowlompletely operational. However, the small samples obtained in the single
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skate (100 hook) sets are to small for statistical analysis. Thus, either additional skates or more

sets will be necessary in the future.
The sighting su (as

planned by USF&WS)
analysis. A brief test o a'

,rr-dq in the ship's electronics roorr, however, suggests that error rates could be significant

erc%). When thè system becomes operational this summer, we will conduct additional tests to

further explore the amount of error which occurs with the system.

Though the tracking work was successful, the inability to use the A'TS direction finder

made the proóess more difEcult and inaccurate than was necessary. PTT data would have

simplified our original location of the animal onshore (the failure of the original WIF receiver cost

a day of searching for the animal). Communications with NMML to obtain data on the animal

** . problerq 
", 

no on. could úe reached by phone at the ofEce on several occasions. Plans of

usF&ws to add satellite-based data or fa:< links to the ship would facilitate communications'
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Table 1. Itinerary and activities for Ma¡ch 1997 cruise (sMMocI-971).

Location ActivitY Comments

05 March Dutch Harbor Scientific party arrive

06 March Dutch Harbor Vessel arrives

07 March Dutch Harbor Depart for Ugamak;
tows offAkun

08 March Ugamak Transects; sightings

09 March Ugamak Transects

10 March Ugamak Transects; sightings;

long line

1l March At-sea Transit to Atkins

12 March Atkins Transects; sightings Flat calm day

13 March Atkins Repetitive transects;

complete regular
transects

14 March Atkins to Sand Point Long line; run to Denby Lloyd off
Sand Point

15 March Chowiet Run to Chowiet; Storm in PM
Chirikofl and Kodiak;
sightings

16 March At-sea to Kodiak Run to Kodiak Storm; Animal 566

on Long Island

17 March Kodiak In town Don Dragoo off

18 March Kodiak Hunting for animal

566

19 March Long Waiting for 566 to go

to sea; tracking in
late pm

20 March Long Tracking until mid-
day; depart for
Marmot
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Table l. (cont.).

Date Location ActivitY Comments

2lMa¡ch Marmot Transects; sightings

22Warch Marmot Long line; night
transects

23 March Marmot to Homer Night transects; End cruise

trawling; transit
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Table 2. Scientific personnel involved with March 1997 cruise (SMMOCI'971).

Sex/nationality Organization

R. Menick

K. Chumbley

M. Strick

f. Thomason

L. Baraff

D. Lloyd

D. Dragoo

N4/USA

FruSA

Nd/USA

N4/USA

FruSA

ì,íUSA

N{/USA

Party Chief

Asst. Party Chief

Wildlife Biologist

Wildlife Biologist

Wildlife Biologist

Chief Resource
Analyst

Seabird biologist

NMFS

NMFS

NMFS

Contract employee

Contract employee

Aleutians East
Borough

USF&WS
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Table 3. Prey survey transects during March 1997 cruise (sMMocI-971).

Transect Date

Begin

Time Latitude Longitude SST Salini$

End

Time Latitude Longitude SST Salinity
Trawl
No.

UG-7 Mar 8

UG-6 Mar 8

UG-5 Ma¡ 8

UG-4 (E) Mar 8

UG-4(W) Mar 9

UG3 Mar 9

UGI Mar l0

UGI Mar l0
UG2 Mar l0
UG3 Mar l0
AT7 llylar 12

AT6W Mar 12

AT6E Mar 12

AT5 Mar 12

AT4 Mar 12

AT3 Mar 12

AT2 Mar 12

AT3N Mar 12

AT4N Mar 12

AT5N Mar 12

ATTTEST Mar 13

ATTTEST Mar 13

ATTTEST Mar 13

ATTTEST Mar 13

ATTTEST Mar 13

3.0 31.9

3.0 31.8

3.3 32.1

2.6 31.8

2.6 31.8

2.7 31.9

3.2 31.9

2.9 31.8

3.5 32.0

2.9 31.9

3.s 32.0

2.9 31.8

2.8 31.8

2.6 31.8

2.7 3l.8

2.6 31.8

2.7 31.8

2.7 31.8

910

l04l
1254

t523
t342
1549

l2l I

t 5l5
1709

1907

919

to22

t202
1322

t500

1625

1848

2038

2318

449

t247

t3l2
I 340

1406

1474

54 04

54 07

54 l0
s4 13

54 t3
54 16

5422

5422
54 19

54 t6
55 00

54 57

54 57

55 00

55 03

55 06

55 09

55 06

55 03

55 00

55 00

55 00

55 00

55 00

55 00

164 54

164 34

165 03

164 30

164 5l
165 03

164 40

t64 54

164 34

165 03

159 27

t59 34

159 15

159 02

159 l5
t59 02

159 28

159 02

159 15

159 19

t59 27

159 34

t59 27

159 34

159 27

31.9

3.4

1.7

1.2

l.l
3.3

3.4

3.0

31.9

31.9

3.0 31.9

3.2 32.0

2.9 31.9

2.7 31.8

2.7 31.8

2.9 31.8

2.9 31.8

3.2 31.9

2.8 31.9

3.5 32.0

2.8 31.8

3.3 3l .9

3.0 3l.9

2.7 31.8

2.6 31.8

2.7 31.8

2.7 31.8

2.7 31.8

958

1200

1504

l6l8
1445

t8l7
I 308

t62l
1820

2109

945

1043

1238

1420

1544

l8l I
2008

2216

l3
559

l3l I
I 339

1404

1433

I 459

54 04

s4 07

54 l0
54 l3
54 l3
54 16

5422

5422
54 l9
54 16

55 00

54 s7

54 57

55 00

55 03

55 06

55 09

55 06

55 03

55 00

55 00

55 00

55 00

55 00

s5 00

t64 40

t64 54

164 3l
t64 45

165 14

164 3l
t64 54

t64 40

165 00

164 3t
159 34

ls9 28

159 05

159 19

159 02

ls9 30

159 05

159 30

159 02

159 02

159 34

t59 27

ls9 34

t59 27

r59 34

3.4

1.0

1.0

1.0

3.5

3.0

3.0

LL-I

N-3,
MW-4

LL-z

MW-5
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Table 3. (cont.).

Transect Date

Begin

Time Latitude Longinrde SST Salinity

End

Time Latitude Longitude SST Salinity
Trawl
No.

M3TEST Mar22
M3TEST lvlar22

M3TEST Mar22
M3TEST Mar22
M2N Mar22
M3N Mar22
M5N Mar23

ATI
MF4

MI
l'Á2

M4
M5

M5

M3

M6

M7

Mar l3
Mar 15

Mar 20

Mar 2l
Mar 2l
Mar 2l
Mar 2l
Mar 2l
Mar 2l
Mar 2l

55 12 159

56 00 l5(
58 05 l5t
5804 l5l
5823 l5l
5822 l5l
58 13 l5l
58 03 l5l
58 05 l5l
58 l7 l5l

58 08 15

58 03 15

58 08 15

58 03 15

5822 15

58 03 15

58 04 15

l95l
I105

I 807

930

I 140

1258

t425
1607

1726

2015

l8l8
l05l
tl22
I 155

2043

230t
I

3.3 32.0

4.0 31.9

4.5 32.2

4.5 323
4.2 32.5

4.7 32.7

4.5 32.3

5.0 32.2

5.4 32.3

4.8 32.3

4.7 32.2

4.8 32.3

4.8 32.2

4.9 32.3

4.5 32.3

4.8 32.4

4.9 32.2

l5
38

00

55

50

45

45

50

40

35

50

50

50

50

55

50

45

2017 55 12

1253 55 55

1844 58 ll
1107 5822
t2t2 58 l8
t352 58 13

l5l7 58 04

1639 58 08

t923 58 2l
2ro4 5809

1050 58 03

t12l 58 08

I 154 58 03

t225 5808

2244 58 04

2330 s8 08

l4s 5822

3.2 31.9

4.1 32.2

4.t 32.3

4.2 32.2

4.2 32.3

4.5 32.2

5.1 32.3

5.2 32.3

4.7 32.3

5.0 32.2

4.8 32.3

4.8 32.2

4.9 32.3

5.0 32.2

5.0 32.3

4.7 32.2

4.8 32.3

59 22

56 06

52 00

51 55

51 50

5t 45

5t 45

51 50

51 45

51 35

51 50

51 50

sl 50

5t 50

51 55

L5l 50

t5t 45

LL-3

MW-7,
MW-8

MW-9,
MW-t0



Table 4. Trawls and long line sets made during March 1997 cruise (SMMOCI-971). MW means midwater tow, LL means longJine,

and NT means neuston (planhon) tow.

N55

Trawl
No. Gear Where Date

Start
Time Latitude Longitude SST

Depth Dur
(m) (min) Latitude Longitude CTD? Contents

N-l Neuston Akun Head Mar 7

MW-t Hening AkunHead MarT

MIV-2 Herring Akun Head Mar 7

N-2 Neuston Ugamak Mar 8

Norttr

MW-3 Herring Ugamak Mar 8

North

LL-l Longline Ugamak BaY Mar 9

N-3 Neuston

MW-4 He'ning

MW-5 Herring

Unimak Pass Mar l0
UnimkaPass Mar l0

Atkins Ma¡ 13

MrW-6 Herring Little Koniuji Mar 14

LL-z lnngline Atkins Ma¡ 14

MW-7 Herring Marmot Ma¡22

MW-8 Herring Marmot Mat22

LL3 Longline Marmot Mar22

MW-9 Herring Marmot Mar23

MW-IO IKMT Mar 23

1845 54 16.52 165 21.14 4.4

1957 54 17.48 165 24.08 4.1

2t33 54 18.18 165 24.97 4.3

1708 54 14.13 164 46.86 0.9

t753 54 13.85 164 45.44 0.9

610 54 ll.l3 16447.60 3.2

1330 5421.68 164 53.18 3.0

1422 s4 20.s8 164 48.71 3.0

222 s5 06.1 159 07.5 2.8

409 5825.7 l5l 45.3 5.0

106 54 59.9

530 55 0.4

432 58 I1.7

534 58 I 1.7

700 58 9.3

232 5826.3

159 33.5 2.9

15919.2 3.0

15134.7 4.8

15134.7 4.7

l5l 49.5 4.3

l5l 45.3 5.2

54 45.65 164 45.1I

54 n.67 164 47.67

l5 54 21.68 164 51.93

16 54 20.60 164 50.s9

l s 55 06. l 159 09.0

N
N
N

N

0

35

15 5416.71

15 54 17.61

t5
15 54 14.13

165 2t.66
164 24.00

t64 47.42

l5

145

t2

50

0

l5

t2

Y

Y

l5 58 24.58 t5144.2 N

35 15

36 170

7s 15

80 15

43 t35

52 15

55 59.9

55 00.7

58 10.5

58 10.5

58 09.5

5825.9

159 35.2

15919.6

l5l 34.9

l5l 34.3

l5l 48.9

15145.0

Y

Y
N
N
Y
Y

od (l l), halibut (l),
ulpins (16)

venile fish, copepods

:llyfrsh, euphausiids,
rv. fish

dult polloclq larval fish,
rphausiids

uphausiids, larval fish

lod (20), sculpins

'mPty

impty

halibut

uvenile pollock (4),
uphausiids, larval fish
l), jellies

ids

fish



Table 5. CTD casts made during March 1997 cruise (SMMOCI-971).

0 UgamakBay

I UgamakBay

2 Ugamak Pass

3 UgamakPass

4 Unimak Pass

5 Unimak Pass

6 UgamakBay

7 Unimak Pass

8 UnimakPass

9 Unimak Pass

l0 Unimak Pass

I I Unimak Pass

12 Unimak Pass

l3 Little Koniuji

14 Little Koniuji

l5 Little Koniuji

l6 LittleKoniuji
17 Simeonof

18 Simeonof

19 Atkins

20 Atkins

2l Atkins

22 Atkins

23 Atkins

24 Atkins

25 Atkins

26 Atkins

27 Atkins

28 Atkins

29 Atkins

30 Shelikof Gully

3l Shelikof Gully

32 Marmot

33 Marmot

34 Marmot

35 Marmot

36 Marmot

37 Marmot

Ma¡ 9

Mar 9

Ma¡ 9

Mar 9

Mar 9

Ma¡ 9

Mar l0
Mar l0
Mar l0
Ma¡ l0
Mar l0
Mar l0
Ma¡ l0
Mar 12

Ma¡ 12

Mar 12

Mar 12

Mar 12

Ma¡ 12

Ma¡ 12

Mar 12

Mar 12

Mar 12

Mar 12

Ma¡ 12

Mar 12

Mar 12

Mar 13

Ma¡ 13

Mar 14

Ma¡ 15

Mar 15

Ma¡ 20

Mar 20

Mar 2l
Mar 2l
Mar 2l

Mar 2l

t033

1035

I 336

t449

r 535

l8l7
815

I 157

l3 t5

1659

I 823

1855

2109

906

950

l0l4
1043

I 156

t242
t322

1422

1500

I 545

l6l5
l8l5
1840

2010

r 94l

20t9
829

I 100

t253

l7 56

1844

915

I I 13

I 135

l2l4

na

na

UG4
UG-4

UG-3

UG-3

LL-I
UGl
UGI

UG2

UG2

UG3

UG3

ATTE

ATTW

AT6W

AT6W

AT6E

AT6E

AT5E

AT5W

AT4W

AT4E

AT3E

AT3W

AT2W

AT2E

ATIE
ATIW
LL-z

MF4W

MF4E

MIS
MIN
M2S

M2N

M4N

M4S

M5N

54 t2
54 t2
54 t2
54 13

54 16

54 16

54 t2
5422
5422
54 t9

54 t9

54 t6

54 16

55 00

55 00

54 57

54 57

54 57

54 57

55 00

55 00

55 03

55 03

55 06

55 06

55 09

55 09

55 t2

55 12

55 00

56 0.3

55 54.9

58 05

58 ll
58 04

5822

5823

58 18

164 49

16439

164 5l
165 04

165 03

164 3l
164 48

t64 40

t64 54

t64 34

165 00

165 03

164 3l

t59 27

t59 34

t59 34

159 28

159 15

15905

t59 02

159 19

159 19

159 02

t59 02

159 30

r59 28

159 05

159 l5
r59 22

r59 20

15636.7

156 5.8

152 00

152 00

l5l 55

l5l 55

l5l 50

15l 50

245

21 l5



Table 5. (cont.).

39 Marmot

40 Marmot

4l Marmot

42 Marmot

43 Marmot

44 Marmot

45 Marmot

46 Marmot

47 Marmot

48 Marmot

Mar 2l
Ma¡ 2l
Mar 2l
Ma¡ 2l
Mar 2l
Mar 2l
Ma¡ 2l
Mar 2l
}l'lar22

1520

t s5l

1683

1726

t925

2005

2005

2lo4
949

316

M5S

M3S

lvllN
M6S

M6N

M7N

M7N
lvf/S

LL-3

MW-9

58 04

58 03

58 08

58 05

58 2l

58 17

58 09

58 09.5

5825.7

l5l 45

l5l 50

t52 50

l5l 40

l5l 40

t5l 35

l5l 35

l5l 48.9

15145.9Mar

246



Table 6. Marine mammal sightings during March 1997 cruise (SMMOCI-971)'

Dall's porpoise

Killer whale

Dall's porpoise

Fin whale

Fin whale

Fin whale

Fin whale

Fin whale

Fin whale

Fin whale

Humpback whale

Fin whale

Humpback whale

Killer whale

Humpback whale

Killer whale

Grey whale

Phocoenoides dalli

Orcinus orca

Phocoenoides dalli

Balaenoplera pþsalus

Balaenoplera physalus

Balaenoptera physalus

Balaenoplera physalus

Balaenoptera physalus

Balaenoptera physalus

Balaenoplera plrysalus

Me gaplera novae angliae

Balaenoptera physalus

Me gaptera novaeangliae

Orcinus orca

Me gaptera novae an gli ae

Orcinus orca

Eschrichtius robuslus

Eschrichtius robustus

7 Mar

8 Ma¡

l3 Mar

14 Mar

l5 Mar

l5 Mar

l5 Ma¡

l5 Ma¡

l5 Ma¡

l5 Mar

l8 Mar

l8 Mar

l8 Mar

20 Ma¡

20 Mar

20 Mar

2l Ma¡

2l Mar

54 04.9

54 09,9

55 12.0

55 r4.4

56 00.9

56 02.1

56 00. I

55 53.0

55 5t.7

55 5 t.3

57 4t.9

57 40.6

57 20.4

57 46.5

57 46.5

57 s0.5

58 12.6

58 08.4

2:07 pm

8:13 am

6:40 pm

l:30 pm

8:44 am

l0:17 am

l0:46 am

l:20 pm

1:35 pm

l:35 pm

I l:00 am

I l:20 am

2:30 pm

8:45 am

l0:30 am

3:02 pm

l:57 pm

16618.9 3

164 54.6 4

15915.0 4

t60 t7.2 I

156 55.3 I

t56 37.0 I

156 36.7 2

t56 02.6 6

ls5 59.r I

155 57.9 2

l5l 48.2 I

l5l 50.5 I

t5222.0 2

152 13.3 2+l

15213.3 3+l

1527.2 6

15146.2 4+l

whale tst 45.2
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Hvdroacoustic transects
Uôamak lsland

l.J5
oo

Figure l. Hydroacoustic transects near Ugamak Island, Alaska.
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Figure 2.Hydroacoustic transects near Atkins Island, Alaska

/\/ 100 m' r- Prey transects



rren
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transects near Marmot Island, Alaska.
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Figure 4. Hydroacoustically derived mean biomass density from surveys condicted at Ugamak,

Atkins, and Marmot Islands during July 1996 and March 1997
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POPIILATIONANALYSISFoRENDANGEREDSPECIES

L. L. Eberhardt

2528 West Klamath
Kennewich rilashington, 99336

Abstrect

The use of index data to determine whether a particular population is increasing is a common

practice in wildlife management. However, this analysis indicated that in some cases such a

practice can lead to misleading results. The basic approach used in this study was to compare

estimates of trends in abundance from index data and from life history data. For example, using

index of abundance information for Florida manatee's resulted in estimates of rates of change that

were unrealistic, exceeding the limits of what would be feasible for a species with a life history

similar to that of a manatãe. Another aspect of this study was to test the validity of confidence

limits for estimates of rate of change obtained from life history data. This was done via Monte

Carlo simulations. The results were encouraging. The final aspect of the study was directed at

assessing the utility of existing predator-prey models for marine mammal populations. In this

case, it is likely that modeling predator-prey interactions for species with life histories similar to

marine mammals will require the development of new models that only utilize parameters that can

be typically estimated in the field.

Introduction

Understanding the dynamics of an endangered species sufficiently well to design a

management program requires knowledge of reproductive and survival rates. However, it is often

necessary to resort to indices of population trend in the initial stages of such a study. The present

investigation has examined index data for three species for which the availability of reproductive

and survival data makes it possible to obtain an independent estimate of the rate of population

change. It is thus possibleìo directly check the validity of trend indices. Further understanding of
the index data is available from several criteria that can be applied directly to the data, and were

tested in the present studY.

Results

Analysis of Index Data
An index to abundance of the Florida manatee had previously been developed by Garrott

et al. (1994, 1995) based on multiple regression models (in the form of Cox's proportional

hazards model) of the relation of aerial counts in warm-water refugia to a number of temperature

measurements. Reanalysis of the data in the present study indicates that the annual rate of
increase estimated from the regression models is unrealistic, exceeding that feasible for manatees.

An alternative approach was developed in the present study in the form of pooled within-year
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regressions of logarithms of the counts on the major auxiliary temperaturevariable (covariance

anäysi$. Adjusting yearly means of the logarithms of manatee counts with the pooled regression

Jop! gáu. a írend tt 
"t 

ir in accord wittr thJrate of change estimated directly from reproductive

and survival data. The best indication from these analyses is that the manatee population had

become roughly stable during the later period of the previous analyses'

In the case of the yeilowston e gn;ø/ty bear there are no repeated counts within years to

provide the alternative check on a multiple regression model_as was possible for manatees'

However, the general upward trend of t-he poluhtion since the early 1980s indicated by a multiple

regression moãel is confirmed by independäni estimates from reproductive and survial^:1ttt'

,tã¿itionat support comes from behavior of several criteria (residual mean squafe, R , ancl

Mallods c-), and the pattern of residuals ûom the final regression model. The new model

äil;;d f irrr-p**" srudy increases the fraction of variability in the data accounted for by the

model from 41yoin the previóusþ published model (Knight and Eberhardt 1985) to 7lYo. Further

reassurance as to accuracv of the model comes from the agreement of the general population

trend with recent overall únderstanding of progression of the Yellowstone gnzzly population

since the 1960s.

The Hawaüan monk seal data provide another view of the issues involved in using an

index of abundance. Beach counts have been used to assess monk seal populations for over

40 years. The beach count data appear to be internally consistent in that variability within years is

relatively small and mean count, dó 
"pp.tt 

to agree generally with total count: However' in the

present ,tudy, more detailed analyses of the data on the site (Laysan Island) with the best

estimates ofiotal population sÞe-indicates that the beach counts are very poor guides to year-to-

year trends. In thi-s åxample, the availability of tags and other means of identification of individual

monk seals has made it pårriUtr to obtain direct estimates of abundance by calculating the

probability of sighting fôr each count, and thus population size. Estimates thus obtained in recent

years (teéO through 1196) have very small standard errors, show little change from year to year,

and are in accord with independent åstimates of trend obtained from reproductive and survival

data.
Overall, the analysis of index data in the present study indicates that index data can be

misleading and thus somewhat risþ to use, bothas to general trend of a population and in

assessing year-to-year changes. Nónetheless, the usual lack of sufficient resources and data often

forces uie of trená data. Dãtailed study of possible auúliary variables in an effort to improve an

index is thus very important, as demonitrated by the th¡ee examples developed in the present

investigation. Adrit manuscript reporting the results of this study has been prepared.

Assessment of the validity of confidence Limit Estimates

furother element ofine study was devoted to a Monte Carlo assessment of the validity of

confidence limits for estimates of the rate of population change obtained from reproductive and

survival data. The basic equation (Lotka' s èquation) for estimating rate of change must be

solved iteritively so no direct estimates of confidence limits are available. The statistical technique

of bootstrapping provides a useñrl alternative but its validity for this purpose has not previously

been demonrtrat.¿. A supplemental technique, the delta method, can be used to estimate

proportions of the overaf variance of an estimate due to separate components (early survival,
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adult survival, and reproductive rate). The Monte Carlo trials (1,000 independent simulations for
each example) demonstrated that the bootstrap method provides accurate confidence limits (92 to

95Yo confrdence limits actr,rally included the true rate of change). Results from the delta method

were very close to those from bootstrapping, so that the Monte Carlo work demonstrates the

utility and validity of these two valuable techniques.

Assessment of Predator-prey Interection Models
A third effort in the present study has been concerned with assessing the possible models

for the predator-prey qlpe of interaction. The research was directed towards evaluation of
potential models that use actual data. Suitable field data did not appear to be available for

endangered marine mammals, so data on predation of wolves on ungulates was used. The basic

Lotka-Volterra predator-prey model was employed and successfully fitted to actual field data

from a number of sources. One of the important ñndings of the study was that the models used in

the current literature on predator-prey interactions were not suitable for large mammals (these

models were almost entirely developed from data on invertebrates). Results of the study have

been accepted for publication in a peer-reviewed journal @berhardt in press).
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